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Introduction

Simulation of analog hard faults in piecewise linear networks could be done
efficiently using the N-port theory for formulating the network equilibrium equations
then using the complementary pivot theory to solve for the node voltages [1]. For a
network of n ports, a set of n hybrid equations couid be obtained using Lin’s method
[2]. These equations act as a data base for simulating different faults without the necd
to reformulate new equilibrium equations. Every time a fault is simulated, only a sub-
set of these equations have to be solved using the Lemke's complementary pivot algo-
rithm [3] to obtain the node voltages of the preselected test nodes. An analog fault dic-
tionary could be obtained by logical means whereby faults are identified by numerical
codes [4]. A FORTRAN program is included in this document to achieve the above
tasks. The program user is expected to provide a piecewise linear model of the network
to be analyzed.

Hardfault Modelling:

Open circuited inductances and short circuited capacitances are conveniently simu-
lated without extra work, whereas simulating faults in other elements require the addi-
tion of switches whick are normally open (NO) or normally closed (NC). Nodes which
are chosen as test nodes must be considered tc form a zero value current source
directed from the test node to the ground node. This is for compatibility with the for-
mulation to make it possible to solve for the node voltages by letting the zero value
current source be a current port in the n-port formulation. The basic idea is to pull the
following elements out of the network to be considered as current or voltage ports as
shown in Fig. 1.

independent voltage sources.
independent current sources.
normally open switches.
normally closed switches.
ideal diodes.

zero value current sources.
inductances.

capacitances.
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Fig. 2 shows possible ways of modelling some common faults. It can be seen that inser-
tion of a normally closed switch requires the addition of a new node. Similar ideas can
be used in simulating other types of faults. For example, figure 3 suggests a way for
simulating an open circuited base or a short circuited base emitter junction in a piece-
wise linear model of a bipolar transistor.
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Fig. 1. Port types in N-port networks.
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Fig. 2. Simulation of open and short circuits in resistances.
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Fig. 3. Simulation of open base and short circuited base emitter
junction in piecewise linear models of bipolar transistor.
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Description and Execution of the program:

The program requires the network description to be stored in a file named data in
a special format. A program ‘‘cctl” has been written to accept the network description
from the user interactively and prepare the required file. Any changes or corrections in
the data file afterwards must preserve the required format. The program ‘*‘cctl™ is
compatible with the UNIX f77 compiler. To prepare “‘cctl” from the source file cctl.f,
use the following command sequence

77 cctl.f
mv a.out cctl
cctl

The current version of the main program is compatible with the MNF compiler
that is available on the PVCC CDC 6600 computer system under the control of a dual
MACE operating system. Files can be moved back and forth between the ECN com-
puters and the PUCC computer using the UNIX “pjs” command. For complete infor-
mation about pjs, see the help file available on the UNIX by typing $help pjs. Gen-
erally the following forms of the command are enough to put a file in or get a file from
the PFILES storage in PUCC:

$pjs - put - use [id] filenamel: filename2
or

$pjs - get - use [id] filenamel: filename2
where
id: is the user id in the PUCC.
filenamel: is the UNIX file name
filename2: is the PFILES file name

If the filename where data is to be transferred is not in the system, a new file will
be created and given the specified name. The computer will then prompt by asking
about the account number and password on the PUCC computer. The main program
HAFDIC uses the following 4 main subroutines that are available in 4 separate files:

HYBRID
LEMKE
AMBSET
FTCODE

Lol o

None of these subroutines requires simultaneous availability of another subroutine in
the core which makes possible overlay loading in a smaller core size if so desired.
Without overlay loading, the required core size is 134000 words.




The simplest way of execution given the source files is to compile every file
separately and keep a copy of the binary object files resulting from compilation to be
loaded individually any time a program is needed.

The deck required for compiling HYBRID is:

12345, ABC, MF 77000, CM77000.
PFILES ,, HYBRID.
RFL (77000)
MNF (I = HYBRID, B = BHYBRD, N,L =0
PFILES, PUT, BHYBRD.
#EOR
#EOF
The parameter N in the MNF command will prevent execution and L. = 0 will suppress
listing. The maximum field length and central memory size required for compiling any
subroutine are those required for HYBRID. Therefore the same deck can be used for
compiling other subroutines. The names of .he binary files available now on the system
are BHAFDIC, BHYBRD, BLEMKE, BAMBST, BFTCOD. It has to be noted that the
commands PFILES and MNF automatically set the field length to the default values of
15000 and 45000 respectively. The 45000 words field length is not enough for compiling
some subroutines. Therefore it is necessary to use the RFL command for adjusting the
field length. The deck required for that is:

ABC, 12345, MF 60000, CM60000.

PFILES,, AMBSET.

RFL,60000.

MNF(I = AMBSET, B = BAMBST, N,.L = 0)

PFILES, PUT, BAMBST.

PFILES ,, FTCODE.

RFL, 60000.

MNF(I = FTCODE, B = BFTCOD, N,L = 0)

PFILES, PUT, BFTCOD.

PFILES,, LEMKE.

RFL, 60000.

MNF(I = LEMKE, B = BLEMKE, NL. = 0)

PFILES, PJT, BLEMKE.

PFILES,, TESTN.

RFL, 60000.

MNF( = TESTN, B = BTESTN, N,.L. = 0)

PFILES, PUT, BTESTN.

#EOR

#EOF
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The deck required for execution is

12345, ABC, MF 134000, CM134000.
PFILES ,, BTESTN.

PFILES ,, BHYBRD.

PFILES ,, BLEMKE.

PFILES ,, BAMBST.

PFILES ,, BFTCOD.

RFL, 134000.

LOAD, BHYBRD.

LOAD, BLEMKE.

LOAD, BAMBST.

LOAD, BFTCOD.

LOADX, BTESTN.

REWIND, OUTPUT

PFILES (PUT, RESULT, X = OUTPUT)
#EOR

#EOF

The last two commands will store the output in a file called RESULT which can be
printed on the line printer afterwards at the user's convenience, or kept for inspection
in the PFILES storage.

Example

The video amplifier in Fig. 4 has the piecewise linear model shown in Fig. 5, where
branch numbers are enclosed in circles while node numbers are written beside the
corresponding nodes. The user-computer dialogue as controlled by ‘“cctl” is shown
next. Next to it is the data file produced. Note the second line in the file which con-
tains 14 integer numbers and a floating point number. This line gives the numbers of
branches in the 14 permissible types of two terminal elements followed by the ambi-
guity voltage range. If the user decides to add or delete any branches before running
the program, he has to modify the number of branches accordingly. The numbers in
the second line follow the same sequence which appears in the question ‘‘branch
type?(e,L,..etc.)”. The program output follows the listing of the data file.

Simulating Multiple Faults

If several branches are to be considered simultaneously faulty, they should be all
assigned the same fault number as fault 9 in the example. If the fault in some branch
is not required to be simulated at all, the field corresponding to the fault number
should be skipped when replying to the question concerning this branch, as in branch
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48 in the example.

Branch Polarities:

The end nodes of all branches, except diodes and controlled branches, can be
entered in either order. The values of voltage and current will be adjusted accordingly
to be either positive or negative.

For diodes, the node connected to the n terminal should be entered first to make
both current and voltage positive in either case of being on or off, otherwise he comple-
mentary problem will not be feasible. The program assumes the port voltage and
current convention as shown beside the diode element in figure 1.

2 For control branches, the order of entering the end nodes must be consistent with
a the order of entering the end nodes of the controlled source according to the current
and voltage conventional directions shown in figure 1.

-I::j Numbering Nodes and Branches:

Branches can be given any numbers which are not necessarily consecutive. How-
ever node numbers must be consecutive starting from zero, which is to be the ground
node. Branch names can be up to 4 characters which must start by one of the 14 acro-
nyms (e,),...) shown in the example. The names of the diodes and the test node parts
are the ones to be used in the program ou.put.
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$ cctl

problem title:

a new video amplifier circuit
branch typefesJorsgrsccocvevecovvevtelLsconconoed):
e

branch ncefromstoesbattery value

796+04~-28

branch typel{esjersgeccorcvevcovvevtel econconoed):
e

branch nogfrometogdattery value
1442840428

branch typeleyjorosgeccocvevcovvovtoelsconcynosd):
e

branch nogsfromytosbattery value

S 4 5 o7

branch type(esjorsgeccocvevcovvevteslLecenconoesd):
19911912067

branch type(esjoregeccocvevcovvevtsloconconosd):

-1]] -

branch nosfromstoenattery value
S5192492Sye7
branch tyoe(esjoregeccocvevcovvevteleConcenosdr:

3

e
[ branch nosfromytosbattery value

34917018407

branch type(esjsregsccocvovecovvevtolLeconcenoed):
kL e

N ol
F branch nosfromyto
Y 49443
- branch typel(esjosregeccocvevcovvevtelLeconconoed):
b d2
. branch nosfrometo
100745

branch type{esfoeresgeccecveveovvevtoleconconoeo):
da3

branch nosfrometo

18¢11410

branch typelesjorogeccocveveovvevteLeconconoed)?
da

branch nosfrometo

25914412

branch typel(esjoregsccocvevcovvevteleconconoed):
d5

branch noysfromyto

33017916

branch type(esforegoccocvivcoevvevteleoconconoed):
dé

branch noysfromsto

42420418

branch type(esjorsgeccocvevcovvevteblecoenconosd)?
da7

branch nosfromsto

50024423

branch type(esjorogeccoecveveovvevtylLoconconoed):
a8

branch nosfrometc
58927425

branch typelesjorscoccocveveosvvevtsleconconoed):
nce

branch nosfromgtosfault no(if oec Is to be simulated)




- 12 -

1919292

branch type(esjorsgeccocvevecosvvevtslecoencenoysod:

ne

branch nosfromytogsfault no(if oec 1s to pe simulated)
1697¢9+3

branch type(esjoersgeccocvevcavvevtsleconcenosd):
ne

branch nosfromstosfault no(i1f oec Is to be simulated)
269144846

branch type(eyjosregeccocvovcovvevteleconcoenosd):
ne

branch nosfromytoyfault no(if oec Is to be simulated)
3191502994

branch typeleyjoregeccecvovcevvevteleconcynosd):
ne

branch nogstromgytoefault no(if oec 1s to be simulated)
4892293009

branch type(esjerygeccocvevcecavvevtolecoenconoed):

nc

branch nosfromgytosfault no(if oec 1s to be simulated)
609274847

branch type(esjorsgeccocveveosvvevtelsconcoynosd):

r

branch nosfromytosresistance value
61914041200

branch typelesjsregeccocvevcovvavteleconconoesadd:

r

pranch nosfrometosresistance value
392930500

branch type(esjoregeccocvevecovvevtelecencenosd):
r

branch nosfrorytosresistance value

6¢5¢6¢5670

pranch typelesjoregesccocvyvcovvavtalecoenconoed):
r

branch nosfromestosresistance value

12¢7¢893000

branch typelesforvsgeccocvevceovvevteleconcenosd):
r

branch nosfromstosresistance value
17¢9+10,1000

branch typelesjoregesccocvovcovvevtobaconconosd):
r

branch noyfromstosresistance value
209124¢091200

branch type(esjorsgeccocvevecovvevtelLsconconosdd:
r

branch noyfromestosresistance value

21913490450

branch typeCesjsrsgeccocvevcovvvteleconconosd):
r

branch nosfromstosr~sistance value

1392848478

branch type(esjorvgeccocvevcovvevtelesconcoenosd):
r

branch nosfromytosresistance value
289124154330

branch typelesforesgeccecvevecovvsvtelLeconconoed)?
¢

branch nogfrometosresistance value
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branch type(esjoregeccocvevecovvevteleconcenosa):
r

branch nosfromytosresistance vatue

3242991641000

branch typelesjoregeccecvevcevvevtileconcenned):
r

branch nosfrometosresistance value

359189194500

branch type(cysjoresgeccocvyvecovvevteloconconosd)d:
r

branch nosfrometceresistance value
374194041220

branch typelegjosregeccocvovcovvevteleconconoed):
r

branch nosfrometosresistance value

40,2048,41000

branch type(esjoersgeccocvevcavvyvteblsconconossd)d?
r

branch nosfromytogresistance value

44421409590

branch tyoe(eyjsregeccocvovcevvevtoloconcenosd)?
r

branch nosfromytosresistance value

4993092391000

branch type(esjeregsccocvevcoivevteloconconoed)?:
r

branch nosfromstosresistance value
539259093300

pranch type(esjsregeccocveveovvevteleconconoesd):
r

branch nosfromytosresistance value
5492690450

branch typeleyjoregeccocvevesvvovtsleconconoed):
r

branch nosfromstosresistance value

66919291ee¢13

branch typelesjorogeccocvovcosvvyvtsleconconoyd):
r

branch nosfromytogresistance value
6Te79991ee+13

branch type(esjorsgeccocvevcovvevtslLsconcenoed):
r

branch nosfromytosresistance value
68¢15929¢1ee+1

branch type(eyjosrgsgeccocvovcovvevteleconcenoed):
r

branch nosfrometosresistance value
6992392491ee+10

branch type(eyjoresgeccocvevcavvevtslecoencoinosdd:

cc

branch nosfromytoscontrol branchycc value
997¢5¢34400

branch type(esforogectocveveovvevtelsconconosd):
cc

branch noesfrometoecontrol branchecec value
2841401291 7967

branch type(eesjorsgeccrcvevcovvevtyleconconosd):
cc

branch nosfrometoscontrol branchecec value

MR
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branch
ce
branch

type(eyJosrosgrccocvoveovvevtelecenconoed):

nosfromytoscontraol branchscc value

S$5T7e27425443,457

branch
vitS
branch
8¢5e0
branch
vt?
branch
114740
branch
vts
branch
594840
branch
vti12
branch
2741240
branch
vtil
branch
2291390
branch
vtls
branch
2991540
branch
vtls
branch
4391840
branch
vtl9
branch
3691940
branch
vt20
branch
6492040
branch
vt22
branch
4692240
branch
vt25
branch
5292540
branch
vt26
branch
5592640
branch
c
branch

typeles}osrgsgeccecvovcovvevt el scoenconoed):
nosfrometo
typelesJosregeccocvevecovvevteleConcenoed):
nosfrometo
typetesjsregeccecvevcovvevteleConcenoed):
nosfrometo
ty.elesforsqeccocvevesvvavtslocoancoinosd):
nostromyto
type(esjorsgesccocvevcovvevtelLeconconoedd:
nostromato
type(esjorsqgectocvevcovvovtelsconcynoed)?
nosfrometo
type(esjorsgeccocvevcovvevtelsconconosd):
~osfrometo
typelCesJorosgeccocvevcovvevtyloconconoed):
noyfromyto
typel(egjorogeccocvevcovvyvtelsconconosd):
noyfromytc
typeleys jorsgeccocvevcovvevtelyconconoyd)
nos frometo
typel(esJoregeccocvevcovvevteleConconoed):
noyfrometo
tyoelesjoresgeccocvovcovvevteleconconosd):
nosfrometo
type(ey foregsccocveveovvevtslLeconconoed):

nogsfrometosfault no(if s.c 1s to be simulated)

23912913413

branch
no
bpranch

typelesjoresqgeccocveveosvvyvt sl yConcononeo)d?

Nosfraometoefault no(if s.c ¥s to be simulated)

o e ol A pe s e . P - - - ol S W W -
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branch type(esjorvaqgeccocvevcovvevteleconcoinosc):

no

branch nosfrometostault no(if sec ¥s to be simulaten)
650100.9

opranch type(esjorsgesccocvevecovvavtelsconcenoed)d:

no

branch nosfrometosfault no(i1f sec is to be sirulateaq)
1507012910

branch typelesjorsgeccocvevcovvavitel econconoyd):

no

branch nosfromytosfault no(if sec is tc be simulated)
30915918411

pranch type(esjorogeccecvevcsvvevtelsconconoyao):

no

branch nosfrometosfault no(if sec is to De simulated)
639802049

branch type(ayiosrsqesccocvovcyvvyvtel eConcynosdle

no

branch nosfrometosfault no(if se.c is to be simulated)
479224925412

branch type(esjoresgeccocvevcovvevteleconconosal:

c

branch nosfrometoy fault no(if sec 1s to be simulated)
3891990914

branch t ‘pelesfsrsgeccocvevcevvevtsloconcenosold:

c

branch nosfromytoesfault no(if sec 1s to be simulated)
85920421

215

branch type(eesjorsgeccocvevcovvevteleconcynoed)d:

c

branch nosfromytosfault no(if sec ¥s to be simulated)
56425026416

branch type(esjosregeccocvevcovvavtsleconcynoed)d?
stop
ambig set range @
l.4

file name where data 1s to be stored:
data
]

L e ena o qu-Tame Sau- ag Sunn i EA St Sl AU RSN R




the first two Lines ure for orogram uses 70 NOT delete themn - 16 -
S 0 6 B22 0 &4 0 0 012 6 4 O el4Q0e+00
:! @ new video amolifier circuit
branch from to <control wvalue fault for program

. type no node noge branch noe use only
- e 7 6 0 ~e280e+02 e
o e 14 23 0 «280e+02 e
. e 5 4 5 «700e+00 e
! e 34 17 18 e700e+00 e
- e 51 24 29 «700e+00 e
- ne 1 1 2 0 e
. ne 16 7 9 0 e
o nc 26 14 a 0 e
L - ne 31 15 29 n e
l nec 48 22 30 0 e
- ne 60 27 8 0 e
dl 4 4 3 e
d2 10 7 S e
d3 18 11 10 )
das 25 14 12 e
dsS 33 17 16 e
da6 42 20 18 e
a7 50 24 23 e
d8 S8 27 25 e
r 61 1 0 «120e+024 r
r 3 2 3 «500e+03 r
r 6 565570 eS6T7e+04 r
r 12 7 8 «300e+04 r
r 17 9 10 «100e+04 r
r 20 12 Q «120e+04 r
r 21 13 0 «S00e+02 r
r 13 28 A «T7B0e+02 r
r 28 12 15 e330e+03 c
r 39 12 22 «330e+03 r
r 32 29 16 «100e+04 r
r 35 18 19 «500e+03 r
r 37 19 0 «120e+04 r
r 40 20 ! «100e+04 r
r 94 21 0 ¢500e+02 r
r 49 30 23 «100e+04 r
r 53 25 0 «330e+04 r
r 54 26 0 «S500e+02 r
r 66 1 2 ¢100e+14 r
r 67 7 9 «100e+14 r
r 68 15 29 e100e+14 r
r 69 23 24 «100e+11 r
cc 9 7 S 3 «400e+03 cc
cc 24 14 12 17 «b670e+02 ce
cec 41 20 1R 32 «e670e+02 cc
cc 57 27 25 49 e670e02 ce
vtS 8 9 0 i
vt? 11 7 0 i
vt8 €9 R 0 1
vtla 27 12 0 )
vtlil 22 13 0 i
vtlsS 29 15 0 §
vtl8 43 18 0 i
vtl9 3¢ 19 0 §
vt20 66 20 0 i
vt22 46 22 0 ]
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- vt2S 52 25 0 i -17 -
@ vt26 SS 26 0 i
T no 2 1 s 13 !
= no 65 1 0 8 i
L no 15 7 12 9 i
no 30 15 18 10 ]
no 63 8 20 11 |
no 47 22 25 9 )
c 23 12 13 12 1
c 38 19 0 1a 1
c 45 20 21 15 i
c 56 25 26 1¢ {




faultewt

foult ne

(14 ]

vt?

[2¢ ]

wtl2

wtls

wt1e

wtl9

wt2e

vt22

vt?s

fault ro

vts

wt?

vtls

wtle

vile

vt22

vtde

|}

=T.2000~81

l1e106e¢01

2.62%00}

1.063e¢+01

1.060e¢®)

9.813¢000

6.927e400

2.094e001)

1e06leel)

9.867e+00

12

“Te200e-01

1e136e+01

2.627e002

1809401

Le8460+01

9.677e000

6o831e000

2.0670001

9.934¢+00

9.934¢0+00

=2.800¢00)

2441%¢¢01

2+91%¢001

2.311e701

2.200e01

179%+01

1+267e¢001

1.79%¢¢01

2:308e0001

2.220e001

13

“T+208¢-01

4.392¢+00

2.224e001

3.2008e00

J.208e000

3e201e000

249800000

1.7%00¢00

24080e901

3420%¢200

24893¢000

=7e204e~01

1323e¢01

2.7€3e°01

3e7%10-12

S.%46e~12

~3e29%e-10

*3480% =10

2:763e401

Jel12¢€e=12

4,91% =10

14

=7.204€~01

1.06%¢+901

2e943¢001

Se82%e 00

9.69T7e+00

8e60Teene

3e12%e-14¢

Ra6070000

9.012e-00

9.072¢+00

- 18 -

70208001 =7.704¢~01 «7,.204e-01

S.844¢e00

2.730eeC}

2791400

2.78%e400

2.067e+00

1.459%e¢00

2e61Cee0]

2.788c400

2.079%e+00

13

~T+200e~01

9 T703e-00

2.465¢-01

8.820e<00

Tel4Tee0t

1.377¢900

9,710e~-01

1.377e000

tot0ler00

8.072e400

lellbeeCl

2.f67e00]

1.103¢401

1.103ec2:

1e668e0~-12

1e1%0e-12

2.F67e401

1-.101e+0}

1026001

16

=7.2040-01

€.t02re00

241240001

S.79%¢400

27800000

$4037e+00

3e99%eec0

1++32000)

$.43%0000

Je8470-00

JehdTee00

l1s184e001

2.632eC1

1.058¢401

1.0%%¢e401

%+ T63e+00

64%93¢ 00

2.066e01

9. A73e+00

Te 040000

“4.8%ee00

2+4)1%ee0])

Se%1%ee(1

2e11ee0]

2.200e001}

1.79%ee01

l1eléTeonl

1e77%e001

2.0Fee 0]

Ne2708e001

=T.491e-01

1.187¢pe0)

Q0% 03]

1.064=001

1.061¢00]

9.02¢ 000

6.934re00

2.42%2 001

1.0€2r001

9.080e00

16

«T.200e-01

2eel2c 00

Se71% 00}

3.627e-0C

APES R YY1 4

JeFR0%ee00

2.035ee0n

2.%%1e0¢01

Je¢1Pe 00

2.%0%ee00

1

“T.3rAp~01

1.1%1rep1

FELEURTIET b |

| RRCRERY } )

R.7T17ee0C

LESARL X ]

LIS Rab T X3 4 4

2+672e+01

i.03%e401

Se6%2e00
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a new viden amplifier circuit
pranch from to control value fault

name no node node branch no
e 7 6 ] ~2.800e+01 e
e 14 28 0 2+800e+01 e
e 5 4 S 7.000e=01 e
e 19 11 12 7.000e=01 e
e 34 17 13 7.000e~-01 e
e 51 24 25 7.000e-01 e
nc 1 1 2 2 e
nc 16 7 9 2 e
ne 26 14 8 € e
nc 31 15 29 4 e
ne 48 22 30 0 e
nc 50 27 A 7 e
dl 4 4 3 e
d2 10 7 5 e
a3 18 11 10 e
d4 25 14 12 e
das 33 17 16 e
dé 42 20 18 e
B a7 50 24 23 e
9 d8 58 21 2% e
t! r 6 1 0 1.200e+03 r
5 r 3 2 3 S«000e+02 r
- r 6 S 6 S5¢670e+03 r
r 12 7 8 3.000e+03 r
r 17 9 10 1.000e+03 r
r 20 12 0 1.2002+03 r
r 21 13 o] S.000e+01 r
r 13 28 8 7.800e+01 r
r 28 12 1% 3.300e+02 r
r 33 2 22 1,300e+02 r
r 32 29 16 1.000e+03 r
r 35 18 19 5.000e+02 r
r 37 19 0 1.200e+03 r
r 40 290 8 1.000e+03 r
r 44 2 0 S«000e+01 r
r 49 30 23 1.000~+03 r
r 53 25 0 3.300e+03 r
r 54 2 0 Se003~+01 r
r 66 1 A 1.000e¢13 r
r 67 7 9 1,000~+13 r
r 53 15 29 1.000e+13 r
r 67 232 24 1.000e+10 r
cc 9 7 9 3 4,000e+02 cc
ce 24 14 12 17 64700e+01 cc
cc 41 20 18 32 6.700e+01 cc
cc 57 217 25 49 6700ep+01 cc
vtS B S 0 i
vt? 11 7 0 i
vt8 93 8 0 i
vtla 27 12 o i
vtild 22 13 0 1
vtlS 29 15 1] i
vtlgd 43 18 c i
vtl9 35 13 0 ]
vt20 64 2 0 §




[ R

1
»
4

vt22 46
vt2s 52
vt26 55
no 2
no 65
no 15
no 30
no 63
no 47
¢ 23
c 38
c 45
c 956

dl

d2

d3

a4

ds

dé

a7

a8

nominal

node
vtS

vt?

vts

vtl2
vtl3
vtls
vtls
vti9
vt20

vt22

22 ]
25 0
26 ]
1 5
1 0
? 12
15 18
8 20
22 25
12 13
19 0
20 21
25 26

diode current

200e-05

0

le321e-04

0

8.488e=-05

0

4+337e-05

0

test node voltages

voltage
=Te20%e=-01
le146e+01
24625e+01
1e0r3e+01
0
1.060e+01
9.813e+0¢0
6927e+00
2.056e+01

le06le+01

10
11

12
13
la
1<
1k

diode voltage

0
1e218e+01
v
1.563e+01
0
1.075e+01
0

1.638e+01

-he it bt e wdn ode B fy =B e it adn g
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vtao Yeltible+00
vt2s ]
node no: vtS
set center from
1 1 =1.120e+00
2 2 -2.840e+01
3 8 =5.291e+00
node no: vt?
set center from
1 1 1.106e+01
2 2 2¢375e+01
3 3 1.283e+01
4 o Se844e+00
5 4 lelb66e+01
6 10 Je222e+00
7 13 4.492e+00
8 14 1.025e+01
9 15 9¢303e+00
10 16 6¢213e+00
node no: vt8§
set center from
1 1 2.585e+01
2 2 2+490e+01
3 3 2¢741e+01
4 4 2e.646e+01
S 10 2¢593e+01
6 13 2.184e+01

to

-34204e-01
~2.760e+01

~44491e+00

to
lel66e+01
24455e+01
14363e+01
he2l13e+00
1.22€e+01
44022e+00
Se292e+00
1.105e+01
l1.010e+01

5e982e+00

to
2¢645e4+01
2+555e+01
2803e+01
2¢693e+01
2el4le+01

2e264%e+01

code

0

0

1

code

0

code

» ' am'a 2 % _a s a'a ¢+ & & & 2’2 e u s

1

]

0

1
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7 15 2¢425e+01

24084e+01

node no: vtl?2

set center from
1 1 1.023e+01
2 2 2.271e+01
3 3 =4.,000e-01
4 6 2¢391e+00
) 4 1.083e+01
6 10 3+415e+00
7 13 3.000e+00
8 14 9.425e+00
9 15 8¢420e+00
10 16 5¢395e+00
node no: vt13
set center from
1 1 <-4.,000e-01
2 13 2.808e+00
node no: vtlsS
set center from
1 1 1.020e+01
2 2 2¢160e+01
3 3 -4,000e-01
4 6 24385e+00
5 4 1.081e+01
6 10 34408e+00
7 11 8e317e+00

2¢490e+01

2e164e+01

to
1.083e+01
2¢351e+01
4.000e-01
34000e+00
lel43e+01
4e022e+00
Jed15e+00
1.023e+01
3e220e+00

€¢195e+00

to
4000e-01

Je€08e+00

to
1.081e+01
2240e+01
4.000e-01
2¢993e+00
leld3e+nl
4.014e+00

J¢117e+00

0000O00O

0 00000

set code

01010

set code

set code

-

............. -
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8 13 2933e+00
9 lg 9.297e+00
10 15 6eT47e+00

11 16 S5e380e«00

node no: vtl8

set center from
1 1 Je4lle+00
2 2 le755e+01
3 3 =4.000e-01
4 6 1l.722e+00
S 10 .2.684e+00
6 11 B8e317e+00
7 13 24273e+00
8 15 Se767e~-01
9 16 4.637e+00
node nou! vtl1l9

set center from
1 1 £+540e+00
2 2 1.227e+01
3 3 =4,000e=-01
4 6 le215e+00
5 10 1.749e+00
6 11 5¢753e+00
7 15 5¢718e=-01
8 16 3+4155e+00

node no: vt20

set center from

3¢408e+00
1.010e+01
7e454T7e+00

RelB0e+00

to
le021e+01
l«835€+01
4.000e-01
2¢27%e+00
3628%e+00
S¢117e+00
2e6R4e+00
le722e+00

5¢437e+00

to
Te327€+00
1.307e+C1
4.000e-01
1.749e+00
2¢435,+00
5e¢540e+00
1.215e+00

3¢955e+00

to

set

. v

code

code




24016e+01
1.755e+01
2.723e+01
2+581e+01
24638e+01
2.511e+01
8e.207e+00

S.767e-01

vt22

center from

le024e+01
2.268e+01
-4.000e~-01
2.388e+00
9.473e+00
Se411e+00
2¢996e+00
B.408e+00

5¢035e+00

vt 25

center from

1
2 2
3 3
N 4 6
- s 9
6 10
7 14
! 8 15
; node no.
set
1 1
2 2
3 3
4 6
5 7
6 10
7 13
8 15
9 16
nhode no:
set
1 1
2 2
3 3
4 6
-] 7
6 10
7 13

9.469e+00
2.188e+01
~4,000e-01
1¢679e+00
beb540e+00
2.699e+00

2286400

24096e+01
1.83%5e+01
2.803e+01
24634e401
2¢707e+01
245R1ev01
9007e+00

1.777e+00

to
le101le+01
24 348e+01
4.0Q00e~01
2996e+00
1le024e+01
4.018e+00
Je4lle+00
34208e+00

Se835e+00

to
1027€+01
2e26Be+(01
4.000e~01
2+286e+0N
Te440e+00
Je276e+00

2¢69%e+00

set code

A e e b

(]




9 15

10 156

node no?

1 1

2 16

HerT72e+00

14£72e+00

3e276e+00

viz2e

set center from

~4.000e-~01

Je247e+00

3e45S,+3(
RBedT72e+01

4.047e+00

to
4,000e-01

4.047e+00

fault code

vts

1

rny

(7]

(9]

10

11

vt7

1

10

0

vtR

Co0ocCCco0oO
G 00002

0000O0OD

set code
111111
0 0o0O0O0O0OUD
vtl2 vt13
1 1
4 1
1 1
1 1
2 2
2 3
3 1
4 1
S 1
6 1
4 1
1 1
7 1
3 1
2 1

- 25 -
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Appendix 1
Copyright, Purdue Research Foundation, 1083.
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program cctl for acceptina network topoloay for fault sinul-
tion and oroducing a soecial format output file containing
the network itnformatione The output file name s specified
by the user. To ve compatible with the "hafdic" orogram,
tne output file should be named "data".

internal variables

ne number of independent voltage sources

nl number of inductances

nnc number of normally closed switches

na number {f ideal diodes

nr number of resistances

ng number of conductances

nce number of current controlled current sources

nev number of current controlled voltage sources

nvc number of voltage controlled current sources

nvv number of voltage controlled voltage sources
nvt number of test nodes

nno number of normaly open switches

nc number of capacitances

nj number of independent current sources

or vector containing branch numbers

nft vector containing fault numbers

bat vectcr containing batterry values

cur vecior containing values of independent current sourcas

nfrom vector containing source nodes of the corresoonaing
branches

nto vector containing destination nodes of the correaspondg-
ing branches

icont array containing controtl branchese.

x array containing values of resfistancessconductances

and control branchese.

title array containing oroblem title

ch array containing branh names

filnam character variable contatning file name soecitien by
the user for storing data

Limitations

40 nodes

30 branches

40 voltage independent sources
40 current independent sources
40 depencent sources (all kinds)
60 resistances or cinductances

OO A0 AOOOOOO0LON0N0A0000AOONN0OO00DO0ON00OO0O000O000060000O060O0RAM

fnteger nft(30)¢br(90)

dimension bat(30)ecur(30)enfrom(30)ynto(30)yfcont(4,430)
dimensfon x(€&440)

character«80 title

characterss 1stooych(90)

character«20 filnam

charactersl feetfoifodrsyineitedayic

character+2 inceivteinosiccoicveiverivy

@ et et i et At A" mAhB el - amAaa . -
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cdata icceicveiveoivv/tce'o?'cvtytvctytvy?/
data istopsfesifoiloliroig/tstoptetetytfryrir,rpt,0qgry/
data Tleincefaeivtatnosic/'LYy'ncty?d?y?'vt?y?'noty?ct?/

ne=0

nl=0

nnc=0

nd=0

nrzC

ng=0

ncec=0

ncv=0

nve=0

nvv=0

nvt=0

nno=0

nc=0

nj=0

no=0

print*y'problenr title:"*
read(Sy'(aB80)*) title

do 5 121,490
nft(i)=0

do 100 k=1,9C

printsy?branch typelesjsregeccocvevcovvevtebloconcsnosd) s
read(Se*'(ad)?) chik)

if(ch(k)eeqeiston) qgo to 110

1flch(k)(1:1)ecqeie) then

nezneel

np=np+l

printey*branch noefromytoeshattery value!?

readey dDr(kiynfrom(k)osntotk)esat(ne)
elseif(ch(k)(l:1)eeqeil) then

nl=nlel

np=np+l

printry?branch nosfromstosfault no(if oec 4s to be simulated)?
read*ebri{k)onfrom(k) ento(k)enft(np)
elsefif(ch(k)(1:2)eeqeinc) then

nnc=nncel

npz=np+l

print*e®branch nosfrometoefault no{if oec 1s to be simulated)?
readrybr{k)ynfrom(k)ento(k)ynft(np)
elseff(ch(k)(l:1).eqefd) then

nd=nd+1

np=np+1l

print*ys?'branch nosfromyto?
reacrybr(k)enfrom(k)oynto(k)
elseif(ch(k)(1:1)eeqetir) then

printey*branch nosfrometosresistance valuve?
nr=nre+l

reac*ebrl{k)enfrom(k)ento(k)ex(lynr)
elseff(ch(k)(1:1)eeqeig) then

print*e®oranch ndy frometosconductance value?
ng=nqg+1

reagrsbr(kd)enfrom(kdentolk)yxt29ng)
elsefifl(ch(k)(1:2)e¢aeicc) then
printey®branch nosfromstoscontrol branchecec value?




100
110

&
b
=
v
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nce=ncc+l

read+*ybrik)ynfrom(kleyntolk)ytcont(lencclex(3sncc) - 29,

elseif(ch(k)(1:2)eeqeicv) then
printey'branch nosfromstoscontrol branchsycv value!?
ncvznecv+l
reag*ybr(k)ynfrecm(k)gynto(kd)yfcont(2yncvd)ex(édencv)
elseif(ch(k)(1:2)eeaeive) then
orint«y'branch nosfromytoscontrol branchevc value?
nvec=nvcel
read*sbr{k)enfrom(k)entolk)yicont(3ynvc)ex(Synve)
elseif(ch(k)(1:2)eraeivv) then
printxy'nranch nosfromytoscontrol nranchevv value!
Nvv=nvv+l
readrxypr(k)ynfromi{k)entoflk)etcontidosnvvdex(6envy)
elseifl(ch(k)(1:2)eeqeivt) then
nvtz=nvtel
np=np+1l
printsy*branch noyfromsto!*
readegsbr(k)eynfrom(k)ynto(k)
elseff(ch(k)(1:2)eeaesino) then
nno=nno+l
np=np+1
print«y'branch nosfromstosfault no(if sac 4s to be simulated)?
readsysbr(k)enfrom(k)yntol(k)ynft(np)
elseiflch(k)(l:1deeqefceandech(k)(1:2)eneeicceandech(k)(1:2)ene,.
jcv)then
nc=nce+l
npz=np+]
print*y*branch noyfrometosfault no(if sec 1s to be simulated)?
readrysbri{k)enfromtk)ento(k)ynft(no)
elseif(ch(k)(1:1)eegeii) then
niznjel
np=np+l
printsy?'branch nosfromytosvalue of current source!
readrybr(k)enfrom(k)snto(k)ecurinj)
else

go to 100
endif

continue
print+*es"ambig set range "

reactyamr
print+e?file name where data 1s to be stored:*
read(5,'(320)*) filnanm
open(unit=Tefile=filnamystatus=Thnew?)

revwind 7
write(Ty'("the first two Lines are for program uses D0 NNOT dele
te them") ) '
Write(7+'(14i24e10e3)') negnlenncendenryngencconcvvnvceanvvynvty,
nnognceynjeamr
write(74%Can0)*) titlie

write(74%(" oranch from ¢to control wvalue fault for
program")?')
write(74*("type no node node branch Noe use
only")")
np=0

ne=90

do 120 =14k

ff{ch(1)(1li1)eeqgete) then

nezne+1

np=np+l




120

130

140

150

160

170

180

190

200

 amt- i anan-ntl AR

write(74250) ch(idebr(idenfrom(idento(i)enat(re) ie - 30 -
endif

continue

ni=0

do 130 =14k

if(ch(i)(l:1)eeqsil) thenr

nit=nl+1

np=np+1l

write(74260) ch(idebr(i)ynfrom(§)ynto(i)eynftlnp),ie
endif

cont inue

nnc=0

d0 140 =14k

1fichti)(1:2)eeqeinc) then

nnec=nnc+l

np=np+1

writel(74260) ch(idebr(idenfrom(identoCidenftlnp)sie
endif

continue

nd=0

do 150 4=1,k

if(ch(i)(lil1)eeaesid) then

nd=nde+l

np=np-+l

write(?9270) ch(iyebr(i)enfrom(idento(id),yie

endif :

continue

nr=0

dno 160 i=z1lyk

if(ch(id(1:1)eeqeir) then

nr=nr+l

write(74250) ch(idebr(idynfrom(id)onto(idex(lonrd)yir
endif

continue

ng=0

do 170 i=1,k

1ftch(i)C121)enesig) go tn 170

ng=ng+1

write(74256) ch(idebr(t)ynfrom{i)ynto(i1)eyx(24ng)lsig
cont {nue

nce=0

do 180 fi=1+sk

1fCch(i)(1:2)enesicc) go to 180

nce=ncce+l

write(7+280) ch(idebrCidenfrom{idonto(ideicont(lonce)ox{?yncec)yice
continue

ncv=0

do 190 1i=1lyk

ffCch(id(1:2)enesicv) go to 120

ncvzncvel

write(74280) ch(i)ybr(idynfrom(idsntoideicont(29ncvdex(syncv)yicy
cont fnue

nvec=0

do 200 1=14k

iflen(i)(1:2)enesivec) go to 200

nvesnveel

write(7+280) ch(i)ebr(idenfrom(identolideytcont(3gnvecdex(Synveclyive
continue

nvvz=0

do 205 i=1yk
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205

ey 210

215

220

225
250
260
270
280

1flch(§)(1:2)anecivv) go to 205 -3l -
nvvsnvvel

urite(74280) ch(t)sbr(d)ynfrom(idento(idsdicont(’ nAuvlex{(Henvvde vy
continue

nvt=0

do 210 i=1,k

fflch(i)(1:2)ereeivt) go to 210

nvtz=nvtel

np=np+1l

write(T+4270) ch(idebrtt)enfromic i) onto(i)eid

cont inue

nno=0

do 215 f=1,4k

§fCch(i)(i:2)enesino) go to 215

nno=nno+l

np=np+1

write(7¢260) ch(i)ebr(idenfrom(ideyntol(1)enft(np)eii
continue

nc=0

do 220 ¥=14k

fftch(i)(1:1)eneesdc) qo to 220
1f(ch(1)(12:2)eeqeiccecrech(i)(1:2)eeqatcv) go to 220
nc=nce+l

npznp+l

write(742€60) ch(i)ybritdenfrom()ynto(1)enft(np)e i
cont inye

ni=0

do 223 1=14k

fflch(i)(1:1)eneei)) go to 225

niz=nj+1

np=np+1l

write(74+250) ch(i)ebriP)enfrom(i)yntolidecuring),ii
continue

format(aq¢t44291Se7x9210e393x49a2)
format(ad.¢i18¢215¢17Tx9134Ex9a2)
format(a44+349215426x9232)
format(a9¢16931592x92106399%922)

stop

end '
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progam : hafdic

hafdic 1s a program for simulating hard faults in piecewise
Linear analog circuits and generating a fault dictionary.
fault simualtion 1s accomplished by a complemntary pivot aln-
orithm for solving a2 subset of the circuit equilibrium ecuat-
fonss which are formulateo only once 4n the beginning of the
program as detafledag in volel of "fault diagnosis of nonlinear
analog circuits®, a dictionary ts finally contained in two
tables of testnode voltage ranges and numeric fault codes.

system? cdc-6600y dual macey mnf compiler.

programmer: yassin elcherif

input ocata:

a special format file "data" must be available 1in the pfilec
storage of the same user 1d specified in the batch job card.
see program "cctl" for preparing the data filee.

internal variables

pat vector containing battery values

vt vector containing test node voltages for the currently
simulatea faulte.

cur vector containing values of current sourcese.

nft vector containing fault numbers

header vector containing the problem title

br vector contatning branch numpers

type vector containing pbranch tyoes

nfrom vector contatning the source node of the corresoonding
branch

nto vector containing the destiny node of the corresononaing
branch

value vector containing element values

fcont vector containing control branches of dependent sources

ch array containing branch names (4 characters each)

ksim vector containing port branches to be simulated as faulty
under the same fault number (multiple fault cases).

isim vector flag for to identify faults that have been sinulaten

Limdtations

max number of nodes 40

max number of brances 90

max number of batteries 30

max number of independent cuurent sources 30

max number of faults 30

max number of dfodes S0

max nurber of test nodes 30

max number of faults to be simultaneously simulated 10
error messages

there are two cases when a fault cannot be simulated .
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¢ in the first case a zero pivot is encountered in reducina tn- - 34
¢ equations to formulate the complementary problem. the fiult
c will be skipped ano the following error messege will be orinted:
c "fault not(x]
c 2ero pivot-nonzero colscomplementary problem cannot be Yormulatenn
¢ in the second case the Lemke complementary pivot algorithm will
¢ terminate in a ray. the fault will be skipped and the following
¢ messege will be printed:
c *fault noil«x]
c no complementary solution iteration nolxI®
c
c debugging
c
c to print out the complementary problem and the diode currents
c and volta~=s for every fault simulation set the variable
c fpdebug=: n Lline 2590
c to print the same information for the nominal case only
c set 1pfl=1 4in Line 195
c
(rmmmecccccccemccccemme——————— cmeceercm——- e eeeccccecee— e ————————
c
program hafdic(datastapeS=datasoutoutstapebzoutput)
c
dimension bat(30)evt(20)9ynft(30)ycurc30)
common/004/ame0swyzellsbynllisni2sasnelyne2yirombasisedzr
dimension am(50¢S0)¢b(50950)49q(50)9a(50)embasis(100)
dimension w(50)42(350)
dimension nff(20)
integer aasheaderspretype
common 3a(40¢90)9ans(904180)¢header(320)ynfrom(90)ynto(30)
common br(90)stype(30)yvalue(90)yicont(390)
integer cn(2930)9§19JJo1sim(90)eksim(10)
c

do 1 1=1,90
1 nft(i)=0
rewind 5
read(Se101) (header(i)s1=1480)
read(54102) nbsnlenncendenrengsncconcvenveconvvenvtsnnoyncenjeamr
read(54,101) (header($)y1=1980)
write(6+1011) (header(4),1=1,80) ‘
write(6.107)
write(69108)
read(54101) (header(i)y1=1,480)
read(S¢101) (header(1)y1=1480)
np=0
i=1
while{iesleenb) do
np=np+1
read(5¢103) ch(lyidech(29)sbriidenfromtidentoti)ebat(t)styoe(d)
Wwrite(641031) ch(leidech(2et)obr(i)ynfrom(i)onto(i)ybat(i)ytyp2(i)
1=1+1
endwhile
n=noe+nl
while(isleon) do
np=np+l
read(59104) ch(leidech(2y1)sbr(i)entrom(idento($)entt(nn)etype (i)
write(541041) ch(lyidech(29i)gbr(i)enfrom(id)ynto(i)enft(np),
type(1{)
I ER ED!
endwhile
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ns=n+nnc -35 -
while(iesleen) do

np=np+l

read(Sy104) ch(lyt)sch(29)9br(idoynfrom(idento(i)enft(np)etyneti)
Wwrite(641041) ch(leidech(2¢48)9br( ) ynfrom(i)ento(§)enftinp),
+type(i)

1=1+1

endwhile

n=n+nd

Hhile(i.le.n) do

np=np+l

read(59105) ch(leWd)ych(29id)ebr(id)ynfrom(idento(i)ytype(i)
Write(6¢1051) ch(leidsch(291)obr(f)enfrom(i)eynto(i)etype(i)
1=i+1

endwhile

ns=nenr+ng

" - while(iesleon) do

i read(5¢103) ch(ls¥)sch(291)sbridynfromcidyntoti)yvalueCi)otyoei)
b write(6+1031) ch(lei)ech(29id)ebr(id)ynfrom(i)ento(i)yvalue(i),
" +type(t)

g i=1+1
i endwhile

N=n+NCC+HNCVENVCHNVY

1 whilet(ialeen) do

= read(54105) cht(lsPech(29)9br{fd)enfrom(idynto(idyicont(iy,
ﬁ! +svalue(i)stype( i)

o write(691061) ch(lyi)ygch(2yi)9br(idynfrom(idyntolidyicont (i),
- svalue(i)stype(i)

- 1=i+1
= endwhile

L. n=n+nvt

while(islean) cdo

np=np+1l

read(5+105) ch(lei)och(2y1)gbr(fdsnfrom(idento(§)etype(i)
Write(6+1051) ch(le¥)ech(291)obr(ideynfrom(i)eynto(i)etype(i)
1=1+1

endwhile

n=né’nno+nc

while(icleen) ao
) np=np+l
(- read(5+104) ch(lo¥doch(298)gbr(§)enfrom(idento(dynftinodytype(i)
oo write(6+41041) ch(le¥doch(2e)obr( ) ynfror(i)ento(§)enftinp),
. stype(i)

> 1=1+1

-l endwhile

n=n+nj

k=0

while(i.le.n) do

np=np+1

k=k+}
& read(5¢103) ch(let)sch(2yi)ebr(i)enfrom(i)entoli)ycurik)styoeli)
o write(691031) ch(lei)gch(291)sbr()onfrom(identc(idycur(k)ytypali)
o 1=1+1
- endwhile
R 101 format(g80al)
.- 1011 format(lhl430x¢80al)
ig 102 format(14134e10.3)

& 103 format(a2sa2¢14921597x¢210e399%x4922)

N 1031 format(2x9a2¢832914921597x9e10e6399x¢932)
) 104 format(a2ei1a2¢44421541Tx91396x9a2)
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o 10841 format(2xea2ea29i4+215417x91396x9a2) - 36 -
&€ 105 format(a2ya2y144215426x92a2)

- 1051 format(2xsa32+a32e3442i5926%x9a2)

106 format(a2+a2¢1493§542x9€10e399%x9a2)

"~ 1061 format(2x9a2+a2+14431592x9€10e399x9a2)

- 107 format(' branch from to control wvalue fault?)
- 108 format('name no node node branch no')

T
e -

ndv=ndenvt

nlz=nbenl+nnc

ntb=np+nre+ng+ncc+ncvenve+nvy
¢ obtain hybrid matrix

¢
call hybrid(ii45jeCentb)
ipftL=1
c
c
¢ obtain number of non-port branches
c
f14=11-1
11=33-1

form and solve the complementary problem of
the nominal case

a0 00

do 4 i=1yndv
0(1)3000
do 2 J=1lsnd
2 am{igjr=ans(ienleiisienpenisi)
do 3 J=1¢nD
3 q(i)=qgCi)ebat(jlrans(ienleifofenpei)
n=nl+ndenr+ng+ncc+ncv+nvcenvvenvtennosnc
{1f(njenes0) then
do 303 j=1¢nj
303 q(i)=q(id+cur(fdrans(ifi+ni+igfienpens))
endif
4 continue
1f(ipfle.eqel) go to 2901
Wwrite(6413)
ndg=0
=1
2012 ndg=min0(ndyndg+9)
do 2029 {=14nd
if(ndgsltend) then
write(6,20) (am(i¢§)yf=Londq)
else
write(6920) Cam(isj)eJ=Lyndg)rali)
endif
2020 continue
L=L+9
{t(ndgeltend) ao to 2012
201 call lemke(nd)
¢ 2zero out vt(4{)

¢ calculate and print out node voltages of the nominal case
c

do S5 4=lsnvt

S wvt(i)=0,0
do 7 4=1snvt
vt(i)=vt(i)=aq(i+nd)
do 7 §=1ynd
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400

c

c

:" 320

330
€
<

150

21

22

322

340

ve(i)=vt(i)-am(iendef)ez (3>

do 16 i=1ynvt

ans(is1)=vt(d)

n3=nl

N4=nle+nde+nr+ng+encc+*necv+nvc+nvy

write(6,10)

Wwrite(698) (ch(lyien3)ych(291¢n3)gw (i) yz(¥)gi=14na)
write(sy11)

Wwrite(é6s3) (ch(lyiend)och(24i+nd)qvt(i)yiz=lenvt)
format(//10xs'diode current?y1Nxy?diode voltage?)
format(/Sxv2a2+e104301%x9e10,3)

format(//72x'nominal test noce voltages?!//Sxe'node?y xy?voltage*)

format(/Sxe2a294x9e10.3)

format(/2x'comolementary problem'//Sxy'coeff matrix,

format(/10{(ixeel0ed))

format(//2xy'no of fterations = *,i3)
nbl=nb+1l

nnf=0

Zero=le.e=-8

{debug=0

do 400 $=14+50

isimCi)=0

nnf=1

nff(l)=1

&i ¢ Lloop to simulate faults
]

do 90 nf=nblynp

ff{nfsgeen) go to 90
1finftinf)eeqel) go to 90
if(isim(nf)eeqel) go to 90

do 320 1=1+10

ksim(4)=0

m=0

do 330 k=nfynp
ffinft(k)eneenft(nf)) go to 330
m=me]

ksim(m) =k

fsim(k)=1

continue

iflag=0
ff(nfegtenlsandenf.le.(nlendv)) go to 90

¢ simulate only faults 1dentified 4n the input

do 23 1=1lsndv

a(1)=0.0

do 21 J=1l4nd
am(fejdlzans(ienlefiisyfenoenlel))

do 22 j=14nb
atid=q(id)+pat(Jd)rans(isnleiiyjenp+i )
nznlendenr+ngenccencvenve+nvvenvtenno+nc
if(njenes0) then

do 322 j=19nJ
ati)=q(idecur(frrans(ifenleigyjjenpens+))
endif

am{iond+l)=a(i)

do 340 L=1¢m

k=ksim(L)
am(iyndelel)zans(iienletiyjfenpek)

- 37 -

col=2")




ki 23 continue
! ¢

3 ndvm=ndv+m
ndvl=ndvel

do 345 {=ndvliendvm
345 am(iynd+1)=0.0

c
:! do 360 f=ndviendvm
- kf=ksim(i-ndv)
- do 346 j=lenbd
. 346 am(isnd+l)zam(iynd+1)+pat(JIvans(iiekfoejjenp+i)
do 347 j=1lenj
347 am(iynd+1)=am(iynd+l)+cur(jdrans(iiskfyjjenpen+j)
c
c

do 348 j=1lsnd
348 am(isJ)=ans(iiskfojienpenl+)
c
c
do 349 L=1ym
k=ksim(L)
349 am(isnd+l+l)=ans(ii*kfyjjenp+k)
360 continue
do 390 L=1,m
pivot=zam(ndvelyndel+l) I
1f(abs(pivot)eltezero) then
go 370 i=lyndvm
iflabs(am(igynde+l+l))eagtezero) then
print 36lynft(nf)
361 format(//'fault no:'yi29tzero pivoty nonzero column in thet,
+"hybrid matrix*/'complementary problem cannot be formulated®)
write(6+1362) ((am(iky3k)gJk=198)91k=145)
362 format(e(2xyella3))
go to 90
endif
370 continue
{f(meeq.l) then
nnf=nnf+l
do 36 1=1ynvt
36 ans(isnnfl=ans(i,l)
go to 90
endif
go to 390
endif
ndm=ndem
do 372 j=lendm
372 am(ndvelyJ)z=amindveloj)/pivot
do 374 i=lyndvm
do 374 §=1endm
1f(ieeqe(navel)) go to 374
am(igJd)=am(iyjl)-amindvelyj)ram(iyndelel)
374 continue
390 continue
¢

B2

do 28 i=1yndv

28 aqf(i)=am(tyndge+l)
1f(1flageeqe«0) qo0 tn 209
{f(idebugs.eqes0) go to 209
print 210

indh.
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210 format(2xy'before attempting to solve hy Lemke algorithm
+the problem was?)
go to 211
209 call Llemke(nd)
211 1f(irene.1001) go to 20¢
1f(idebugeeqel) go to 206
1f(iflageeasl) go to 3011
write(6y913) nftinf)enf
write(6419)
3011 =1
ndg=0
3012 ndg=min0(ndyndg+9)
do 3020 i=14nd
‘f(ioQQol) then
- . write(643013) (ch(lyn3+J)ech(29yn3+f)yi=1lend)
[ endif
ko 3013 format(l10(1xe2a294x))
) 1f(ndgoltnnd) then
V‘ write(6y20) C(am(iyi)ei=londg)
o else
- write(6420) C(am(iy§)ej=Llenda)eal i)
endif
3020 continue
L=L+9
Jf(ndgettend) go to 3012
write(s,13) L1
write(6910)
15 format(//2xe?'fault case not *9129Sxe'column not *412)
if(ifltageeqel) go to 206
1f(1debugeeqgel) Ggo to 206
write(6y98) (ch(lyien3)ech(291en3)sw(i)y2C¢i)9i=14nd)

!i
=
FT"‘.
4
y.

1flag=1

go to 150
c
¢ calculate node voltages under fault condition nfti(nf)
c

206 do 35 i=1ynvt

35 vt(i)=0.0

- do 37 i=1lynvt
= vt(i)=-a(ienag)
’ do 37 j=1ynd
37 vt()=vt(i)-am(iendy§Irz2(]3)

{f(ipfl.eqeldgo to 207

.4 write(6,38)
e 38 format(//5xy'node?y5xq?voltage?)
s write(6e49) (ch(lei+n8)ech(24iens)yvt (i) eiz=lynvt)

store the node voltages of the current fault case in the
f-vt table

PUCIMROR
nooae

- 207 41f(ir.eqel1001) go to 90
nnf=nnf+]
nff(anf)z=nft(nf)
do 39 t=1ynvt

- 39 ans(iynnf)=vt(i)

}1 90 continue

b— [

- - ¢ print out f-vt table

¢

nfmaxznnf

R P RN

-39 -
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41

40

42

43
a4

111

Heor

write(6y41) - 40 -
format(//2xy*fault-vt table?)

L=1

L10=0

L10=amin0(Ll10+10ynfmax)

write(6442) (nffC3)ef=Lal10)

format(//2xe*fault Nove42x410(1249x))

. do 43 1=1lsnvt

write(6144) ch(lyeiend)gych(24t+en8)y(ans(i9§)yi=Lyl10)
format(//2x92a204x910¢el10e34v1x))

1f(ll0esgesnfmax) go to 111

L=L~10

go to 40

call ambset(nvtenfmaxschendsamronff)

end
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c
subroutine hybrid for obtaining the hybrid equations of the

c n port network.

¢

¢ Input and common variables

¢

< a array contaiining incedence matrix

¢ ans array containing the hybrid matrix 4n the reduced
c echelon form

c nportl starting row of the hybrid matrix in anc

¢ 11 starting column of the hybrid matrix in ans
¢ debug flag for printing debugging outout

c ntb total number of branches in the network

c

c

c

subroutine hytric(nportlyifsiporntyntosdedbug)

fnteger asnfrom(90)ento(90)sicont(30)ytype(90),ydcol(30)
integer icount(2)sheader(320)4br(30)yror(30)sansrowsanscol
integer cveesrsccavveverfrometoscecounynegingtempystytn
integer tpsportycebuaeistpsqsv

real value(903)¢f3(30¢40)4f6(90440)43ns(30418R0)

common a(40¢90)¢anssheadersnfromynto

common brytypesvaluey fcont

data e sisersgevvecveccovcostescov/2h ev2h 192h ry2h qy
12hvve2hcve2hecce2hvce2hstelhiglhv/

data istp/1hs/

¢

¢ max circuit configuration ¥s 40 nodes and 80 branches
¢ max of 40 elements in any cateaary (tpstneinelp)
c
1

nbr=0
nnode=(0
c
c
¢ zero out a matrix
do 2 1=1,440
do 2 §=1,90
2 atisjr=o
¢ read 1n data and fiLl a matrix
debug=0

do 3 k=1lyntb

¢ store entries into a matrix
from=nfrom(k)
to=nto(k)
1f(fromeres0)alfromek)=1
ff(toenesl)al(toyx)==1
nbr=max0{(nbryk)

3 nnode=max0(nnodesnfrom(k)ento(k))
zerozle.e-8
ff(debuge.ne.l) go to S

¢ print the a matrir for detug run

write(6450¢)

do 6 1z=1lennode
6 write(64506)Ca(i9§)ef=1¢nbr)
5 do 7 {=1ynbr

dcol (1)=0
7 rbr(4)=0
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3

¢ determine elements making up the tree
c
call ftree(nnodesnbredcol)
c
¢ reorder a matrix into four classes
c
¢ le tree port branches(tp)
¢ 2« tree non-port branches(tn)
c 3. Link non~port branches(ln)
3 4, Link port branches(lip)
c
¢ dcol contains ordering of a with tree branches in Leftmost columns
jJ=nnodesl
n=1
do 8 j=lsnnode
m=dcol{])
do 9 k=nem
ff(meeqek)go to 8
dcol(§f)r=k
J§=33+1
9 cont {nue
8 nsmel

1f(Jjeeqencoldco to 10
00 11 i=nynor
11 dcol (1) =1
¢ reorder dcol Into four classes
¢ fcount(l) marks last port column of tree branches
¢ fcount(2) marks Llast non-port column of Link branches
10 fcount(l1)=1
{t2=nnode
i=1
13 dgo 12 m=1,1t2
mm=(nbr+1)e{i=1)¢((3~(228))em)
ftem=dcol(mm)
{f(typeiitem)enceesandetypel(itemdenesisigo to 12
ftemizicount ({)
dcoli{mm)=gcol{iteml)
dcol(itemi)={tem
fcount(i)=tcount(¥)el=-(({=1)22}
12 cont inue
1f(V.2q¢2) go to 14
fcount(l)=icount(lr-1
fcount(2)=nbr
fit2=nbr-nnode
1=2
go to 13
¢ reorder the a matrix and the original Label vector to correspond to
¢ the reorderea dcol

14 rn:2
n=1
begin=1
coun=0

15 ftem=zdcol (n)

ff(itemeeqebegin)igo to 15
ftemp=orin)
brin)zbr(item)
br{item)i={temp

do 17 j=1lynnode
tempza(j¢n)
alfendzaCieitem




17

16

23

c

L N,

24

25

26

atjedtem)=temp
counzcoune+l
decol(n)==dcot (n)
n={tem

go to 15
decol(n)==dcol (n)
1f(coun.eqes(nbr-1)2g0 to 18
do 19 {=nnynbr
ftem=dcol( 1)
if(item.eq.$)go to 290
1f(1tem.lt.0)go to 19
begin=+{

n=1

go to 1%

coun=coun+l
decol(i)==gcol ({)

nn=1{

continue

do 22 n=1lynbr
dcol(n)=1{abstdcol(n))

- 43 -

reduce reordered a matrix to row echelon form
call faech{(nnodeqsnbr)
back substfitute a matrix

do 23 1z2ynnoge

lrow={=1

do 23 j=1elrow

1fcol=1

ftemp=a(fsifcol)

do 23 k={ynbr
alJek)za(fek)=aligk)2itemp

formulate the element characteristics

tp is number of columns in f1 and €S
tn s number of columns ¥n f2 and f6&
ln §s number of columns in 3 and f7
lp is number of columns in f4 and f8
tp=icount(l)
tn=nnode-icount (1)
Inz{count(2)~nnode
tp=nbr-1count(2)
port=tpe+lp
nport=tn+\n
ansrowz=nbr
anscol=nbre+port
write(6+507)
Jt(tpeeqesl) go to 24
write(64508) (br(4)ei=1+tp)
j=tpel
1f(tﬂo€Q00) go to 2¢
Wwrite(6+4509) (br(i)yi=§ynnode)
j=nnode«1
ji=nnodee+Ln
ft(lneeced) go toc 24
write(64510) (IS BFRESREER)
SEDBES!




1f(lpeeqed) go to 2R
write(6+511) {er¢ideiz={onbr)
¢ 2ero ans matrix

28 do 27 §z=lyansrow
ao 27 §=1sanscol
27 ans(19§)=0.0

do 29 {i=le¢nport
do 30 J=letn
30 f6(l,§)=0
do 29 J=i¢ln
29 f3C(ieJ)=C
kount=icount (1)
k=0
1=1
do 31 1=14nbr
ftem=br( 1)
11 ror{item)=1{
{f(debugeneesl) go to 32
write(6¢512) tpetnelnelp
Wwrite(6+4513)(br(i)yiz=1lendbr)
12 kount=kount <+l
mm=dcol(kount)
ftemp=icont (mm)
ftemp=ror(itemp)
ftl=pcrte+]
it(type(inm) ceqegeoretype(mm)eeqevceoretype(mmd)eeqece)
1go to 33
¢ voltage source type
i1f (kount.gtennodeigo to 34
c f2
1t2z=1lne
ans(itleit2)=1,
Yf(tyve(mmd)c.eqecviqgo to 35
1f(tyce(mmiceqgevv)go to 36
fe(Jeiyd=~valuel(mm)
go to 37
34 k=ke+l
t3C3ek)=1.
1f(type(mm)eeqescv)go to 35
1f(type(mm)eeqevv)go to 36
c f7
ans(itlek)==-value(mm)
go to 37
¢ current source type
33 {f(kountegtennodelgy to 38
f6CjoeJd=1.
ff(type(mm)eeqeved)go to 36
f1f(type(mm)eeqecc)qgo to 35

it2z=lne)
ans(itlesft2)z==value(mm)
go to 37

38 k=kel

c f7
ans(ftlek)=1.
{f(type(mm).eqgevc)yo to 36
f1f(type(mm)eeqecc)qgo to 35
f3Cjek)z=value(nm)

37 §=j-1
ff(kountenesicount(2))qgo to 32

. . . .
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go to 33

¢ current controlled

35
c

40

41

S

7

f8

1f(itempegtetplgo to 40

f1t2=nporteitemp
ans(it141t2)=-value(mm)

go to 37

1f(itempsgtennode)qgo to 41
it=itemp=-tp
fe(joit)==value(mm)

go to 37
ff(itempegteicount(2))go to 42
ft=itemp-nnode

ans(ftlyit)==valuel(mm)
go to 37
ft=ftemp=-{icount(2)

it2=nbretp+it
ans(fitleit2)==-value(mm)
go to 37

¢ voltage controllied

36
c

43

a4

S50

49

S1

fl

f2

fa

1f(itempeqtetplqgo to 43

{t2=nbre+fitemp
ans(itlyit2)==value(mm)

go to 37
ff(itempegtennodedgo to 44
ftzitemp-tp

ft2=Ln+1t
ans(itis4t2)==-vatue(mm)

go to 37
i1f(itempegteicount(2))go to 45
ft={temp=-nnode
f3(Jeit)==value(mm)

go to 37

ft={itemp-1count(2)

i1t2=nport+tp+it
ansf{itistt2)==valuetmm)
go to 37

{f(debugeeqge«0) go to 46
1f(lneeq.0) go to 47

write t3 for debug run

write(s¢514)

it1=1

ft2=Ln

1fC(1t2-9t1)ogtel0) go to 49
1f(1t2.eqeitl) go to 47
write(6+515)

do 50 {=lenport

write(69518) (F3(i95)ei=1tl,eit2)
go to 47

1t2=1t1+9

write(6y,515)

do 51 i=1lenport

write(6951€) (f3l1y3)ei=itlyit2)
ft1-'t2+}

go to 43

- 45




47 1f(tpecqsl) go to =2
¢ write f5 for debug run - 46 -
write(64517)
1t1=1
53 it2=tn
{1f((it2-ftl)agtelD) go to S4
1f(it2.eqeftl) go to 52
Write(6,S1%)
do 55 {i=lsnport
595 write(69516) (fe(ied)ei=1tleit2)
go to S2
5S4 1t2=1it1+9
write(64515)
do 586 izlynport
56 write(a6sS516) (FE(1eJ)oi=it1,yit2)
f1t1=1t2+1
go to 53
52 write(64518)
call print(anscolyansrow)
¢
¢ zero out f6
c
46 {1f(tneegel)go to €7
do 58 J=lstn
kk=tp+]
do 58 f=1lerport
ftl=portei
1f(lne.eqel) go to 59
¢ change f7
do 60 k=1yln
Lk=nnode+k
60 ans(ftlok)=ans(itlek)=Cf6(4sJ)valkkolk))
59 {f(lpeeqges0) go to 58
¢ change f8
do 61 k=1l4lp
Lk=fcount(2)+k
ft2=nbretp+k
61 ans({itleft2)zans(itlyit2)~C(f6(19J)ralkkylk))
€8 continue
¢
¢ zero out f3
¢
€7 f1f(lne.eqellgo to 62
do 63 j=1lyln
Lk=nnode+]§
do 63 i=lenport
ftlz=ported
1f(tneeqe0) go to &4
¢ change f2
do 65 k=1letn

kk=tpe+k

1t2=ln+k
€S ans(itlyft2)zans(fitleit2)=(f3(f9J)e(~-alkkolk)))
64 1f(tpeeqgel) go to 63

¢ change f1
do 66 k=1letp
1t2=nbrek
66 ans(1tly1t2)zans(1tle1t2)=(£3C¢8yJ)n(=alkylk)))
63 continue
¢
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71
70

13
72

15

74

17
76

79
78

®»oon

81

fiLL ans matrix

1ftdebugeeqs0) go to 67

write(64519)

call print(anscolsansrow)

1f(Ln.eq.0.or.tp.eq.0)go to 68
store di

do 69 i=1,tp

do 69 §=14ln

k=nnode+]

ans(iy3)=a(iy4k)

Leztlne]

ftemp=tp+1

1f(1temp.gt.port.or.Lc.gt.nport)go to 70
store -d4 transpose

do 71 i=itempsyport

JJ=lcei-ftempennode

do 71 j=lconport

11=J+1=-tc+tp

ans(tyJ)=~a(ityj§)

1f(tpeeqsl) go to 72
store unit matrix above f5

do 73 i=1l,tp

Ld=nporte+i

ans{(i,Ld)=1,

1f(lp.eqe0) go to 74
store unit matrix above fa4

1i=tp+l

do 75 1=1%,port

Ld=nporte+{

ans(i,ld)=1.

ftemp=tpel

Lf=lde+tp

lezla+1l

1f(1tewp.gt.port.or.le.gt.lf)go to 75
store -d2 transpose

do 77 {=ftempeport

Jizi-ftempetcount(2)+1

do 77T jJ=leylf

11z)e1-Le

ans(iy§)==aCi4,49)

lez=Lfelp

Ld=Lfe+}

1f(tp.eq.o.or.ld.gt.le)qo to 718
store d2

do 79 4=1,tp

do 79 J=ldele

kz=fcount(2)1ejs =g

ans(iy§2=ati,k)

1f(debugeeqed) go to RO

write(s4520)

call print(anscolsansrow)

reduce ans matrix to echelon farm

call raech(nbresnscolsarccolslelezero)
1f({debugeens0) o to H1

write(s,521)

call printcanscolsansrow)

do 82 {=lynby
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do 82 j=lenport

Y4=nbre1-14

1fcabs(ans(iisj))eleszero) ans(iiyj)=0.0
1f (ans(i44§)ene.0.)go to 83

82 continue
83 fi=1i+1
c
¢ fill column headinag vector for final print out
[
J=0

1f(tpeeqel) go to 34
do 85 i=1ls.tp
ft=2+14
header(it)zor( i)
header(it-1)=¢
12=2+«(port+1)
header(i2)zpr (i)

85 header(12-1)=v

84 if(lp.eqe0) go to 85
J=to
do 87 i=1l,1p
J=j+1
k=1+4icount(2)
ft=2+]
header(it)z=br(k)
header(it-1)=vy
12=2«(portetpei)
header(i2)=br(k)

87 header(§2-1)=z=¢

86 it=4*port
nportl=nport+}
do 88 i=ziiynbr
do 88 j=nportisanscol

88 if(abs(ans(isj))eleszero) ans(iy§)=0.0
if(debugeseqe0) go to 89

¢ print final ans matrix for debug run
call prnticCitynportlyanscoledionbr)

89 if (1i.eqenbr) go to 90

c .

¢ back substitute final answer matrix

¢

{tl=ansrow=1%+]
1t2=1i+1
do 91 =1t24ansrow

¢ anslirwyicl) is pivot element using to zero etements above
fruzansrows 1t2-14
fel=nporteitleito-i
ft3zirw-1

¢ J=row zeroing out above pivot
do 91 j=1i,1t3
bzans(jyfcl)

¢ k=column changing of jth row
do 31 k=1clyanscol

91 ans(jek)zans(Jek)=brans(irwek)
S0 do 92 1=1i¢nbr
do 92 J=nportlsanscol
92 fflabs(ans(iyj))eleszero) ans(143)=0.0
¢
¢ print final ans matrix
c
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call prntli(itenportiyanscolyiiynor)
499 return -49 -
500 format (80al)
€01 format(lhl/1xe80al1///7/7//1xs*network description®y///1xetbranch

i‘ ff(iprnteeqgel) go to 499
|

« from to element element control?'/*' number node nnde

E! * type value branch?®*)
o S02 format(313¢a2¢fl0e3s 13)
. 503 format(2xei3ebxei3e3xei3eTx9a298x9e10639¢3x913)
= S04 format(1h0//y" zero = *yel0.3)
o 505 format(///' a matrix")
- S06 format(1h0o5013)

3 507 format(1ih0//7)
_ 508 format(lhQ'tree port branches?'/50(1x4§2))
d 509 format(1lh0y*tree non=-port branches'/50¢(1xy3i2))
. S10 format(1h0s+*Link non-port branches?'/50(1xy12))
= 511 format(1h0s*Link port branches?/S0(1xy$2))
. 512 format(1lhQe?'tp = *913/% tn = 1443/ Ln = *4i3/7' Lp = t.4)

S13 format(lhGs'or?y50C(1xy32))

S14 format(///* 3 before zeroing?')

515 format(1lx)

S16 format(lxsl0Celledelx))

517 format(///*" f6 before zeroing!?)

518 format(///% ans matrix before zeroing?)

519 format(///' ans matrix after zeroinag?')

520 format(///* ans matrix with d values filled in?}
521 format(///% ans matrix reduced to echelon form?)

subroutine ftree(nrowsncolsindcol)

¢ subroutine ftree takes the matrix as apolies subroutine faech ana fincs
¢ the independent columns in a closest to the left. these indepenaent
¢ columns make up the tree branches.
c------------ ------- e A e ke W ey R G AR A - e e e e omw e - e e dh G D EE Y e ) G As Y Gk YA Sh S SN VS em A W
c
integer asindcol(nrow)scolytemp
common a(40490)
t=1
temp=1
call faech(nrowsncol)
¢ step through rows
do 1 k=lenrow
¢ step through columns
do 2 j=tempsncol
¢ find independent columns
¢ test 4f element equal to one
11t (a(kef)eneel) go to 2
¢ record ind2pendent column number
fndcol(l)=]
Lz=le+l
temp=j+l
go to 1
2 continue
1 continue
return
end
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Pi subroutine iaech(nrowsncol) - 1
{ c
E. ¢ subroutine faech manipulates matrix a into echelon form
| c
P (rmcevmceccccccccasccennenan= e cccccrec— e ————- e ceeeececa— e m e ——————-—
= fnteger ascegegpluslypeb

common a(404+90)

c=1

g=1

2 do 1 i=gynrow

1f(aligc)eeqel)go to 1

¢ interchange 1 and g row to get nonzero pivot
1f(i.eqeg) go to 3
do 4 k=csncol

- b=a(iy4k)
3 altisk)=algyek)
4 algyk)=b
- 4 continue
5 ¢ normalize row to get positive number for pivot
i‘ 3 1f(a(gsc)egtel) go to S
Sl do 6 k=cyncol
6 algsk)==algsk)
- 5 1f(gegeenrow) return
- ¢ zero column below pivot
e gplusl=ge+1
do 7 p=gpluslenrow
b=zal(psc)
if(beeqel)go to 7
do 8 k=cyncol
8 alpysk)==pral(gek)+al(pek)
7 continue
gz=g+1l
cocel
go to 2
1 cont fnue
1f(gegtenrow) return
c=c+1
go to 2
end
c
(remeecenceaa—- cmeececcac———— e e cecceeec eSS et e e e cmmeemeam e _e—.ee—..-
c

subroutine raech(myneymarksrowlecollyzero)
common 1a3(40¢90)4a3(30+180)
integer cegegpluslsperowlscoll

raech performs row operations on a to reduce a to echelon form

c
c
c
¢ columns coll to mark are reduced to row echelon form while the row
¢ operations are carried out on the rows from mark ¢+ 1 to n

€ rows rowl to m are reduced to row echelon form

¢ g=row determining pivot point in

¢ c=column determining ntvot point in

c

c

c

: czcoll-1

bt gzrowl

- 1 {f(ceeqesark) return
c=cel




e L r—_————— 7

e

fin? the max nonzero element in the ¢ column below and ¥ncluding pivot
=0
tmz=0.0
do 2 J=qm
fflabs(a(jsc)deleezero) atfec)=0a0
o if(abs(a(jsc))elestmz) go to 2
Y tmzzabs(a(§ye))
S i=}
2 continue
ff(tmz.eQe0e0) go to 1
¢ {4f the nonzero element is in the pivot rows do not exchange rous
1f(i.eqeglgo to 2
!I ¢ exchange pivot row with row having nonzero element 4in pivot column
h do 4 k=cen
Lo b=alisk)
atisk)z=algek)
a(gek)=b
check 1f pivot point already normalized to 1
1f(a(gscleeqgeledgo to S
normalize pivot row
alpha=a(gyc)
do 6 k=cyn
- a(gesk)=atgek)/alpha
{ftabps(a(gyk))eleszero) algek)=0.0
check tf just normalized pivot in Last row
if(gegeemireturn
zZerg the elements below the pivot
3 gplusl=g+l
S do 7 p=gpluslem
oo b=alpyc)
- if(abs(al(psc))eleezero) alpec)=0.0
j {1f(abs(a(psc))eeqelel) go to 7
do 8 k=c¢cen
8 alpsk)==bralgek)eal(pek)
7 continue
1f(geg2em) return
g=q+1
go to 1
end
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subrautine print(anscolsansrow)

subroutine print prints the entire ans matrix

r. prints ansrow rows by anscol columns
- integer a(40490)sanscolyansrow
) common asans(9041°90)
fti1=1
1 it2=zanscol
$6(CIt2-1t1)egte9 ) go to 2
f1/01t2.eqeitl) return
¢ Lless than 10 columns Left to print
write(s5,500)
do 3 i=1lsansrow
3 write(54501) (ans(ieJ)ei=1tl,4t2)




c

3

2
c

5
5

return

ft2=1t1+9 52
more thrn 10 columns Lleft to print

write(s,500)

do 4 {izlyansrow

write(6+501) (ans(feflef=1tlyit2)

ftl=1t2+1

go to 1

format(1lx)

format(lxel0(elladylx))

end

subroutine prntl(hdrsacllsacl2sarwlyaru?)

subroutine prntl prints only the desired part of the ans matrix
describing the port equations alonoc with the column headinags

integer a(40490)¢header(320)sacllyacl2yarwlyarw2yhdr
common asans(90+180) yheader
ftm2=zacll-1
fti=1
i1t2=hdar
1FC(it2-1tldegtel9d) go to 2
1f(it2.eqgeitl) return

less or equal 10 columns to print
write(6s500) (header{i)yi=itl,yit2;
ftmlz=itm2e]
do 3 izarwlysarw?
write(6¢501) (ansCigjdej=itmleacl2)
return
ft2=1tl+19

more than 10 columns to print
write(6+4500)(header (i) yiz=itl,yit2)
itml=1tm2+1
ftm2=1tmle9
do 4 Yzarwlyarw?
Write(69501) (ans(isJ)ej=itmleitm2)
ftlzit2+1
go to 1

00 format(1lh0e10C(4x9alyi245x))

01 format{(1lh0ys10(elledylx))

end
eor
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c
c Suproutine Lemke for solving the complementarity problem.
¢ It utilizes the subroutines (matrix, inftias newbasy sort,
c pivot and pprinte.
c
c---------—--——————----—-—-----—--do --------- R AR G ED L G R D A GRS D e W e
subroutine i{emke(n)
c
c
zommon/004/ameqewezellebenlisnl29asnelyne2eirembasisesizr
dimension am(50950)9Q(50)¢4b(S0+50)9sa(S0)eymbasis(100)
dimension w(S50)42(50)
¢ description of parameters in common
c am a two dimensional array containing the
c elements of matrix m.
c Q a singly subscripted array containing the
c elements of vector Qe
c L1 an integer vartiable indicating the number of
c iterations taken for each probleme
c b a two dimensional array containing the
c elements of the inverse of the current basise.
¢ w a singly subscripted array containing the values
c of w vartables in each solution.
c 2 a singly subscripted array containing the values
c of 2z variables in each solutione.
[ nll an integer variable tz2king value 1 or 2 depend-
c ing on whether variable w or 2z Leaves the basis
¢ nel similar to nll but indicates vartable entering
¢ nt2 an fnteger variable indicating what component
c of w or z variable Leaves the basise
c ne2 simitar to nl2 but ¥indicates variable entertina
¢ a a singly subscripted array containing the
c elements of the transfarmed column that is
¢ entering the basise.
¢ ir an fnteger variable denoting the pivot row at
¢ each {teratione also used to indicate termina-
¢ tion of a problem by giving it a value of 1000,
¢ mbasis a singly subscripted array-indicator for the
c nasic variables. two indicators are used for
¢ each pastc vartable-one tndicating whether
c it is a w or z and another indicating what
c component of w or 2,
¢ n integer vartable indicating problem size
c
¢ Inftialize basis Inverse.
do 9 §=1ln
do 7 1=1ln
1t(i.eqe))go tc 8
b(i93§)=040
go to 7
8 b(101)=100
7 cont fnue
9 continue
¢ parameter n indicates the problem size
call inftta(n)
¢ since for any problem terminatfion can occur in infitia,
¢ newbas or sort subroutineysthe value of tr is matched with

¢ 1000 to check whether to continue or go to next problem,
1f(1r.eqsl1000) return
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c
c

c

50 call newbas(n)
1f(ireeqsl000)return
call sort(n)
1f(iregeel000)return
call pivot(nm)
go to S50
end

c---- ----------------------- - w e - - D s D D D AP P WP SR GRS D A DA L R R

subroutine inftia(n)
purpose~-to find the initfal almost complementary solution
by adding an artificifal varfable zo.

c--- ------ - e e T Om G e e - o - e e o e - - G WD A D D R A - - ST AR GG e Ys W W S e

common/Q004/ameCenwszsllsbynlignl2yagynelyne2yirymbasiseizr
dimension am(50+¢50)9q(S0)sb(50450)9a(S0)ymbasic(100)
dimension w(S50)y2(50)
set 20 egqual to the most negative q(#)
i=1
j=2
9 1f(g(1) .tes aljd)go to 18
i=J
18 j=§+1
1f(§ «lees n)go to 3
update q vector
ir=4
tl==qlir)
1f(tleleesla0) go to 1000
do 10 f=1,4n
q(i)=g(i)etl
10 continue
q(ir)=til
update basis inverse and inaicator vector
of basic vartables.
do 12 J=14n
bl{Jedr)i==1.0
wii)zali)
2¢jJ)=0.0
mbasis(j)r=1
L=n+j
mbasis(il)=]
12 continue
fzr=1r
nll=1
L=neir
nl2=1r
mbasis(ir)=3
mbasis(l)=0
w(ir)=0.0
20=q(ir)
L1=1
return

1000 4r=1000

do 1010 4=14n
mbasis(i1)=1
mbasis(ien) =4

1019 w(i)=q(i)
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return
end
¢
c-----—---------------- ...... - D ED W G N Eh W WS s E W) R A e e X ¥ X X ¥ ¥ ¥ 3 X R W N
c
subroutine newbas(n)
¢
¢ purpose - to find the new basis column to enter in
c terms of the current basise.
c---------- ------------------------ oo oo L X N R L L L L
c

common/004/ameqeweZesllebenllyntl2yasnelosne2sirymbasis
cimension am(S0¢50)9a(50)¢0(50450)9a(50)embasis(100)
dimension w(S50)4y2(30)
¢ 1f nt1 is neither 1 nor 2 then the variable 20 Leaves the
¢ basis indicating termination with a complementary solution
ff(nll .eqs 1)go to 20
if(nll .eqe.2)go to 21
¢ If the complementary sclution and the number of iterattions
¢ are to be printed set ipp=1 in the following statement

ipp=0
1f(ipper01) then
cal\l pprint(n)
endif
ir=1000
return

20 nel=2
ne2=nl2

¢ update new basic column by multiplying by basis 4inverse.

do 26 1=1en
t1=0.0
do 28 j=1yn

28 ti=t1-bl(isj)ram(jene2)
atiy=ti

26 continue
return

21 nel-=1
ne2=nl2
do 29 {1=1¢n
a{i)=b(dyne2)

29 continue
return
end

¢

c-------------------o------o--------------------—--------—- .......

c
subroutine sort(n)
¢ purpose - to find the nivot row for next Yteratfon by the

[ use of (simplex=-type) minimum ratic rule.
c

c-.-------.—-------------- ----- L X R R R N N R R R N R R R R N R N XY

(4

common/004/amyaeweZellenenlignl2gasnelone2yireymbasisetizr

dimensfon am(50950)4q(50)4b(S50+50)+2(S50)eymbasis(100)
dimension w(50)42(50)

amaxz=abs(a(l))

do 109§=24n

f1f(amax.gesabs(a(i)))go to 10

amax=abs(a(i))
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10 conttinue
¢ set tolzamax*2,0*+(~-(b-11)) where b {s the number of
¢ bits in the floating point mantissa as clasen suggestse
tol=amax*2.,0x«(=-27)
i=1
52 1f(a(i)egtetol)go to S1
=41
1f(i.q9tenlgo to 9
go to 52
S1 ti=q(i)/7a(i)
fr=9
55 1=1+1
1f(iegtenl)go to Sé
1fla(¥)egtetol)go to S4
go to 55
54 t2=q(i)7a(i)
{f(t2.geetidgo to 55
fr=d
ti=t2
go to 5%
56 return
9 tf(a(izr)egtetoldgo to S7
call pprint(n)
fr=1000
return
¢ failure of the ratio rule indicates termination with
¢ no complementary solutione
57 print 250
250 format(Sxs37Thproblem has no complementary solution)
print 251,11
251 format(l0xel3hiteration nNoey 14)

ir=1001
return
end
[
c-ﬂ--—----- --------- - - e e e e e - ap A6 S & - - -SSR
c
subroutine pivotin)
c
¢ purpose - to perform the ptvot operatfon by updating the
¢ inverse of the basis and q vector.
c

[ L L LA R LR LR R Skt X R R R R T R X R RN R T )

common/004/amsqewszellobenllynt29asnelyne2yirembasis
dimension am(50+50)9q(S50)9b(S50¢50)sa(50)erbasdis(100)
dimenstion w(S0)¢2(50)
do 30 1=14n

30 b(irefd=btirsi)/alir)
q¢ir)=q(ir)/7acir)
do 31 1=1ly4n
1f(feeqeir)go to 31t
q(i)=q()=alir)ra( i)
do 32 §=1yn
b(isJ)=b(igjd)=b(irsjreaci)

32 continue

31 continue

¢ update the indicator vector of basic variables

nll=mbasis(ir)
L=n+ir
nl2zmoasis(i)
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mbasis(ir)znel
mbasis(l)=ne2
Li=l1+1

return

end

c

c--------- ......... LR R R R S andhen e m oo o - - -

¢

subroutine pprint(n)
¢ purpose - to print the current solution to complementary
¢ problem and the iteration number.
c
c-----:------ ------ D s WD ED GE R P D P A WP AR s A D DR DA A e B D N ED G N G G D S P D G R R D W D e A e e

c

common/004/amecoewezoellebenllenl2eaenelsne2sirymbasis
dimension am(50+50)+a(50)¢b(S50950)9al(SC)embasis(100)
dimension w(50)42(50)
¢ 22ro the variable valuese.
do 35 1=14n
Ww(i)=0.0
35 2¢(1)=0.0

i=nel
i=1
42 kl=mbasis({)
k2=mbasis(]j)
§f(a(j)egeelsllgo to 45
qQ(j)=0.0
45 §f(k2.eqell)go to 40
z(kl)=q(j?
go to 41
40 wl(kly=q(})
41 =1.}
j=je1
1f(J.leendgo to 42
do 44 1=1yn
write (6¢601) fow(id)yz(i)
601 format(lxei192fl4e4)
48 continue
write(6+602)1L1
602 format(lxs'number of pivots required®y {3)
return
end
#eor
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c subrnutine ambset for quantizing the test noade voltages into
c ranges centered around the voltage value due to some fault

¢ condition.

c

c Input and internal variables

c

c nvt numper of test nodes - {input

c nft number of faults - input

c nff vector containing fault numbers as spoecified in the progranm
¢ input

c ch array containing branch names (4 characters each)

c n4 starting location of the test nodes in the array ch
c amr voltage range -~ {nputsy default=lv

c rng array containing boundaries of voltage ranges

¢ fout array used in printing the one-zero form of the

c ampiguity set-fault table.

c nset no of sets in the corresoonding test nodese.

c ans array containing the vt-fault table.

c aa integer working array

¢ anm real working array

c

c------ ............ A D G R D SR D AL D SR OGS T ED G ED AR S )T SR D D Eh T DDA D G D S GG WA O W e

subroutine ambset(nvtynftechendgamrenff)

dimension rngl2420)yi0ut(20+40)9nset(a0)oicntr(20)
dimension nff(20)

common a3a(40+90)9ans(90,180)

common/004/am(50450)

integer aasch(2450)

{f(amre.eqs0s) amr=1,
2ero=10.++(~-8,4)
c clear flags anad ambiguity set table (aa matrix)
do 20 1=1,40
do 20 §=1440
aa(ieJr=0
20 continue
c set fault binary codes ¥n aa column 40
aa(l,y40)=1
do S jJ=2.nft
aa(Jed40)=aal(j=1440)+2
S continue
¢ scan nodes in v-f table (ans matrix)
do 200 n=1lynvt
¢ generate table of differences fn am matrix
do 10 J=1ysnft
kl=j+1l
do 9 k=klonft
am(Jisk)=ans(nyjd)=ansinyk)
9 amlkyjrzam(Jsk)
10 continue
¢ clear output matrix
do 25 1=1,20 "
do 25 §=1l.nft
25 fout(isjr=o0
¢ set ambigutty set L=0 for node n
L=0
¢ scan faults vertically
do 100 J=1y.nft
¢ If fault § has been scannedy skip and search

4
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for a new center to the next ambiguity set
1f(aa(Je39)enes0)go to 100
update flags and ampiquity set index
aa()y39)=1
aalj,38)=j§
L=t+]
aalje3?)=L
set inftial ambig set code and outout matrix
aallynd)=aa(j§es0)
fout(lyir=1
define ampig set rarge and center
rngllel)=ans(nej)=-amr/2
rngl2yl)=anstny))+amr/2
fentre(l)=
scan faults horizontally
kl1=§+1
reset flags of updating overlapped ranges
1flagl=0
fflag2=0
do 30 k=1lynft
1f fault k out of range skip 1t
fftkeeqs}d) go to 90
f1f(abs(am(jsk))egeslamr/2)) go to 90
it fault k has been scanned check 1f it
1s closer to the old or the new center
fct=aalky38)
fst=zaalk,37)
1¥1aalke39)eneesldgo to 60
wzabs(am(jsk))=-abs(am(ict  yk))
{f(wegeszero) qo to 50
it fault is closer to the new center adqd
ft to the new set ang delete ¥t from the
old one then update flags and parameters
aallyn)=aallen)eoreaalkesn)
aal(fisten)zaalistend=-aalkes0d)
aalke38)=}
aalke37)=t
fout(lek)=1
update ambig set ranges
S0 4f(am(4ctyjdeleszerodqgo to S5
ff(iflagle.eqael) go to 90
set flag to acknowledge updating positive
side overlap
fflagl=1
rngl2e¢l)=ans{nef)sabslam(Jsict))/2,
rngtlsist)=ans(nyfct)-abs(am(Joict))/2,
go to 90
55 1{f(iflag2.eq.l)go to 90
{1flag2=1
rng(leld)=ansineJ)~absltam(ictei))/2.
rngl2eist)=ansinyict)+abs(am(icteid)i/2,
qo to 90

1t fault has not been scanned and within range
add 1t to the current set and update parameters

60 aallen)=aa(lyn)eor.aalky40)
fout(lsk)=1
aalke39)=1
aa(ky38)=9
aalke37)=1

-59
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- 95
100

110

115
200
220
230
240

#eor

continue

1f(leseqel) go to 100

do 95 Li=1l.l

1f0lrngtlo ) et terng(2olld))eandeirnglliosl)egterngllyll))) then
rnqtlyV)=(rnallsL)erngl24LL)) /2,

rng(2yLL)=rngtisl)
elselfiirng(2¢sl)egterngtlolld)reandel{rngl2el)elterng(2y1lLl))) then
rngl2el)=Crng(2yL)+rngll,yll))/2.

rngélell)z=rng(2,41)

endif

continue

continue

nset(n)=t(

¢ write out centerss ranqges and amiquity set codes
¢ for node n

write(6y220) chilynenddych(29nens)

write(64+230)

do 110 =1,

m=icntr(i)

fentr(i)=ntf(m)

write(6e¢240) fofcntr(ido(rng(Jetd)ei=192)3i0ut(i4])si=1ynft)

¢ clear flags

do 115 1=1l¢nft
do 115 1=37439

aaltied)=g0

cont inue

format(//2xy'node ~HI Y42a2)
format(//2xs?sety'xotcenter?yIne?from?¢l0xe?to?y15xestset code®)
format(/7484¢1692{2x9e10e3)95%x¢40(42)) :

call frtcodetlnvtynttynsetschongynff)

return

end
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k c
. c subroutine ftcode tor generating a numeric code fault dictiona-~
' ¢ ry based on the voltage ranges provided by the subroutine
. c "ambset".
] c
c Input and internal variables
¢
< nvt number of test nodes - input
¢ nft number of faults - 4input
¢ nset number of ranges in the corresponding test node - input
c ch array containing branch names - {input
¢ n4 starting Location of test nodes in ¢h - input
¢ nff vector containing fault numbers - input
¢ fcod array containing the numeric codes on output
c aa integer working array
c
c----------- ---------------- D D P D ED R WD ED D WL S A s S D AP W A - ah A G TP R TGN S YD S SN D AN D W e W e
subroutine ftcode(nvtynftynsetychendonff)
dimension nset(40)yiax(40)oicod(40540)9itemp(4Q)
integer ch(2490)
integer asbenff(30)
common a(40490)
¢
¢
¢ set node index to zero and find the node with maximum
¢ number of ambiguity sets
fdebug=90
n=0

Lmax=nset (1)
do 10 1=1lynvt
10 UWmax=max0(lmaxynset(i))
tmaxl=Lmax
if(idebugeeqes0) go to 201
write(6911) Llmaxi
11 format(2xs?'Llmaxl=*4420)
¢ move the corresponding set codes in 'a' to temporary
¢ storage and identify the node
201 do 20 i=1ynvt
fifinset(i)seqeslmax) go to 18
20 continue
18 {1=4
nset(11)=0
do 19 j=1lslmaxl
19 {ftemp(J)=acjstl)
n=ne+l
if(idebugeeas.0) go to 202
write(6941) n
write(6,21) 11
21 format(2xe*node?4i5)
202 nn=n
¢ Inftialize the fault code matrix 4codf(sve)
¢ by the ambigufity set indeces of the first node
do 22 1=z1ylmaxl
22 {cod(ie1)=4
Lf=lmaxi
ft(nvte.gte.1) go to 30
do 23 j=1ylmaxl
23 faxtj)zitemp( )
L='maxl

k..
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go to 1CO

¢ find the next maximum

30

35

36
203

40
642

Laaxznset(l)

do 35 i=1lynvt
tmax=max0(lmaxynset(4))
tmax2=Lmax
1f(1debuge.eqe0) go to 203
write(6+¢36) Lmax2
format(2xe*ilmax2=v9120)
do 40 {1=1ynvt
1fi{nset(i).eqelmax) go to 42
continue

nsez(1)=0

12=1

n=nel

nnz=nnel

ff(ideougs.eq.0) go to 204

write(ss41) n

urite(s,21) 12

i‘ 41 format(2xe'n='444)

} ¢ find the intersection of the am sets by Logically

¢ anding the set codes

204 =1

. go S50 jJ=1lslmaxl

. ¢ set a flag to detect first intersection
1fLl=0
do 50 k=lylmax2
fax(l)=itemp(jleandesalkei2)
ft(iax(l)eeqgel) go to SO

¢ otherwise upaate L and Lf and insert the code

¢ Ycod(Jsm)em=1yn-1 in the next Locations (jel)

¢ pushing own the rest of the codes up to the

¢ location (f., then add the set §ndex k in the

¢ Location 1cod(jen) corresponding to set § =node n
Jl=Llf=(e2
nizn-]

¢ skip pushing codes after first intersection only
1f(1flenes0) go to 44
fcod(Len)=k
iftL=1
go to &7
44 do 45 Li=1,j1
do 45 m=1enl
45 fcod(lf=Li+2ym)=dcod(Llf=Lie1ym)
fcod(lyn) =k
Lzl fel
47 L=L+}
1f(leleenft) go to S0
L=L-1
go to 100
S0 continue
t=L~-1
ff(idebugeecqel) go to 205
do 48 Ll=1,1t
48 write(6949) (fccd(lilokk)okk=1yn)
49 format(2xy'code’10195)
¢ check {if the new node is redundant
205 {1f(leneemaxO0(lmarxlelmax2)) go to 70
¢ 1f the number of sets rsulting from inersction
¢ 1s not increased fgnore the node and go to pick

)




¢ a new node - 63 -

L n=n-1
o i1f(nn.eqenvt) qo to 70

go to 30

¢ check If all faults have been isolated or all nodes
- ¢ are exhausted
= 70 {f(leegenfteorenneseqenvt) go to 100
!! ¢ move result of intersection to temporary storage
) tmax1=t
S do 80 1=1,.lmaxl
e 80 {temp(i)=iaxci)
- go to 30
. 100 write(6+120)
.l Write(6+130) (ch(lensem)gch(24naem)sm=1yn)
- do 95 1=1,1
Vo go 82 j=lynft
o ftiz1ax(i)ecandeal(jsa0)
. {f(itl.eqeiax(1)) go to 81
N i1f(itleeqe0) go to B2
y go to 83
81 write(64131) nff(]j)
write(6s+140) (tccalismigym=1en)

go to 35
82 continue
83 m=0

do 85 J=1l.ntt
Jf(float(iax(1))/2.0eeqefloat(iax(i)/2)) go to R4
mz=mel
atlkedl)=nff(})
84 fax(¥)=fax(4)/s2
85 continue
write(6¢150) (alkedl)ok=1em)
write(6+140) (fcod(iejlej=lan)
95 continue
120 format(//2xe*'fault?y23xe?fault codet)
130 format(/30xs20(2a241x))
131 format(2xe'f412)
140 format(30xe20C¢¥392x))
150 format(2xe*'f'910(124%9"))
stop
end
Beor
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Appendix 8
p Copyright, Purdue Research Foundation, 1983.
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MIFTCOD: A Subroutine for Fault Isolation Under Multiple Test Input Conditions.

In case of applying different test input conditions to improve the level of isolation,
there are two ways of handling the fault dictionary. The first way is to produce a fault
code combining the input conditions, and that is to be used if the measurement data is
available all at once. The other way is to generate a dictionary for every input. Then
the isolation is achieved by correlating the dictionaries of the different inputs.

The subroutine MIFTCOD accepts the result oi simulation for all input conditions
after being classified into ambiguity ranges and produces the required fault codes for
the individual inputs and the codes combining all inputs. This subroutine is not util-
ized by the program HAFDIC. Some extra effort has to be done in writing a small pro-
gram that takes the results of HAFDIC simulation under different input conditions and
then calls MIFICD to perform the required isolation. The program BASTEX shown
next is an example of this.

Example for Using MIFTCD:

Table A3-1 contains the ambiguity sets of faults simulated in a circuit taken from
[4], where two test inputs are used separately. To be able to supply the MIFTCD sub-
routine with the ambiguity sets in the required form, the ith fault is assigned the
integer weight 2! (see BASTEX program). This means that the integer word represent-
ing this fault will have the ith bit equal to one, while all other bits are zero. Adding or
logical ORing of two faults will simply mean that there will be two bits equal to one in
the integer word, and so on for more faults. The program output is shown next to the
ambiguity sets table followed by the listing of MIFTCD.
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This program arranges the ambiguity sets of faults shown in
the accompanying table in a two dimensional array that proviges
the required input to the subroutine MIFTCD.

PRt e Mk e
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program bastex(input.outout.tapeS=1nputotapeezoutput)
this program generates the ambig sets of bastian7s paper
example in the matrix a.
dimension nset(4420),§vt(20)
integer ayc(20)
common a(504100)
c(1)=1
do 10 1=2,2¢
10 e¢(i)=22c(i-1)
fcs=zc(l)
do 5 1=2420
S 4cs=1cs+c(1)
allyld=cl3)ec(R)+c(T)ec(19)
a(2y1)=9cs=-a(lyl)
alle2)=c(3)
al242)=c ()
a(3,42)=c(15)
al442)=c(18)
a(5g2)=ics-a(102)-a(2.2)~a(392)-a(4.2)
ally3)=c(3)ec(E)*c(T)ec(1%)
a(2+3)=1cs=a(l1,3)
allyad)=za(1,3)
a(244)=¢c(19)
a(3y4)=c(20)
al494)=1cs=a(144)-3(294)~a(3,44)
all99)=a(143)ec(19)
a(2¢5)=ics=a(ly45)
ally6)=a(l1e5)
al2y6)=a(2,5)
a{le?)z=a(1¢5)
a(24y7)=a(245)
3(198)=3(193)+c(10)+c(12)+c(19)
a(248)=l¢s~=ally8)
al{ley9)=c(2)
a2499)=¢c(5)
a(349)=¢(13)
a(449)=c(14)
a(5.9)=1cs-a(1.9)-a(2.9)-3(3.9)-a(4o9)
3a(ly10)=¢c(2)+c(4)+c(S)+c(13)
a(2410)=1cs=alle10)
al(lylld=a(l1s10)
a(2411)=¢c(3)
a(3yild)zecl M)
atayll)=c(1R)
a(5'11)=1cs-a(1011)-a(2911)-a(3911)-a(4911)
a(1412)=a(1910)+c(B)+c(9)+cC1T)
a(2912)=49cs=a(1412)
allyl3)=a(1412)
a(2913)za(2912)
allyl4)=a(l,412)
a(2y14)=z3(2412)
a(ly15)=a(1412)
a(2415)=a(2,412)
a(ly16)=a(1912)

o0
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a(2416)=¢c(11)
a(3v16)=1cs-a(1.16)-3(2.16)
fvt(l1r=11
fvt(2)=38
ivt(3)=5
ivt(a)=2
ivt(s)=27
fvt(e)=26
fvt(71=33
ivt(8)=16¢
nset(lyl)=2
nset(ly2)=5
nset(ly3)=2
nset{ly4)=4
nset(195)=2
nset(l4s6)=2
nset(ly7)=2
nset(l148)=2
nset(2,41)=%
nset(242)=2
nset(243)=5
nset(244)=2
nset(245)=2
nset(246)=2
nset(2,7)=2
nset(2,8)=3
nvt=8
nft=20

ni=2

call miftcd(nvtyivteniynsetynftyc)
stop

end
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Node | Input Set No. 1 2 3 4 5
i1 +30 3,6,7,15,19 npominal
-30 2 5 13 14 nominal
8 + 30 3 7 15 18 nominal
=30 2,4,5,13 nominal
5 + 30 3,6,7,15" nominal
-30 2,4,5,13 9 17 18 nominal
2 + 30 3,6,7,15 19 20 nominal
-30 2,4,5,89,13,17 nominal
27 +30 3,6,7,15,19 nominal
-30 2,4,58,9,13,17 nominal
26 + 30 3,6,7,15,19 nominal
-30 2,4,5,8,9,13,17 nominal
33 +30 3,6,7,15,19 nominal
=30 2,4,5,8,9,15,17 nominal
36 + 30 nominal
-30 nominal |
- 18 | +30 nominal |
o ~30 nominal |
L. 16 | +30 | 36710121519 nominal |

e =30 2,4,5,8,9,15,17 11 nominal
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combined inputs

f 3
f 7
t 6y
19,
tf 2y
f S
13,
fla,
15,
16,
f 4,
f 9,
17,
18,
120,
f 8
$10+12
t1l,
f 1,

inputl

fault code

fault
t 3

f 7
f 64
19,

T

- 69 -

V1i1v1v11e2v 841V B892v Syelv Se2v 2,1v 292v1641Vv16y2v

1

1

1

5

S

5

1

(% T BN ¥

o o wm

5]

5

S

2
2

2
2

separate input ccdes

P G I S G )

vil

e

v

v

1

1

5

5

v

NN NP T R W SR Y

2

1

1

vié

n

[\

o

- a_ =

PG S S G TORER S )




t15,
fl6,
20,
10412,

f 1y 29 %¢ 59 B0 9911013014417,
f18,

fnput?2

fault code

fault
f 2

f Sy
f1l3,
fla,
f 4,y
f 9,
17,
f18,
f 8y
fll,

f ly 39 69 7910912+159154919420,
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1 1
4 2
3 2
4 1
4 2

v 2 vliée v

1 1
1 1
1 1
2 X
1 1
1 1
1 1
2 3
1 1
2 2
2 3




subroutine miftcd for generating a numeric code fault d
under multiple test input conditions.

input data

the ambiquity sets of faults have to be stored in a two
dimensional {intager array such that every fault is representod
by a single bit in an {fnteger worde CSvery ambiguity set of
faults is then containeo in one integer worde Therefcre the
number of faults is Limited to the computer word length.

if the orogram utilizing miftcd is to be written in standard
fortran where bit manipulation s not availables the individual
bits can stillL e affected (see the example in apoendix *?
fault diagnosis 2f nonlinear analog circuits vold),

the arrangement ot the ambiguity sets of nvt test nodes in

the array a should be as follows:

atisl) ith ambio set of the first test node - $tnput 1
al(i¢2) ith ambiqg set of the second test node - {nput 1
[ X N N}

atisnvt) ith imbig set of the Last test node - input 1

3(ionvtel) 1th ambig set of the first test node - input 2
alienvte2) ith ambig set of the first test node - {inout 2
L B N N N3

aliy2+nvt) Jth ambig set of the Last test node =-input 2
aliy2*nvt+idith ambig set of the first test node - input 3

seesccsgetce
fnput vartables

000NN OHOOHOHMNON

nvt number of test nodes

ivt array contatning the actual numbers of the test nodes
(for printing the fault dictfionary)

nt number of inputs

nset array containing the numbers of ambig sets in the
corresponding test nodes

nft number of faults

c integer array containing integers (192¢49¢ee2*2nft)

c----------------------------------------------------. ..................

¢
subroutine miftcdi(nvtyivtentynsetonftyc)
dimension ftemp(40),tax(ad)yivtinvt)eicod(40,440)
integer asc(nft)ecid(40y40)
dimension nset(4420)ymset(20)ynode(20)
common a(S50,4100)

c

¢ find the intersections of the ambiquity sets of every
¢ tndividual node 1gnoring null intersections
¢
nvt2=nienvt
¢ clear fax
do 10 4=1440
10 fax(i)=0
do 70 j=lenvt
j2znis(§-1)
=1
nlznset(1,}§)
n2snset(2+%)

.....
e L.




do 20 1=1yn1
do 20 k=1yn2 -72 -
fax(Ll)=al(is§)eancealkyJenvt)
ifC(iax(l)eeqe0) go to 20
cid(lyj2+1)=H
clid(lyj2+2)=k
L=tl+]
20 continue
L=L-1
store the result (fax(idyi=19l) in col #(nvt2+¢j) for
further intersection with the sets of the next input
do 30 i=1,1
30 atiynvt2ej)=fax(i)
mset(j)r=1L
intersect aliynvt2+§) with next fnput alkyjenvtl)
however if no of inputs «Lte 3 skip and go to next node
if(nf.ltel3) go to 70
do 60 n=3¢ni
nl=nset(n,§)
nvtlz=nvt=+(n=-1)
L=t
m=1
do 40 1=1,1l
1fL=0
do 40 k=1lynl
faxim)=alky Jenvtldeandeal(igjenvt2)
if(iax(m)eeqe0) go to 40
Ji=Lf=L+2
nnlz=n-1
1f(iflenee0) go to 34
cidimyne j2) =k
ifL=1
go to 37
34 do 35 Liz=1,j1
do 35 mi=lennl
35 cid(lf=Li+2emiej2)=cid(Lf=Lis*lomie]2)
cidimyne§2) =k
Lf=Lfel
37 m=mel
1fimegtenftdgo to 80
40 continue
adjust the resulting no of ambig sets
L=m~-1
restore the resulting sets of the new intersection
do 50 1=1,1
S0 aCisjenvt2)=iax(i)
60 continue
fdentify the no of compined inputs amb sets for node J
mset(j)r=\L
70 continue
go to 100
4f current node isolates all faults acknowledge {t
and go to fdentify faults
80 write(6490) 1vte(}))
90 format(/2xe'node'si2¢! 1s enought)

output the combined tnout codes for the single sufficient node

write(s,495) (ivt(idenynz=lyni)
9% format(ixetvt®ei2¢9%4%,1%1)
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do 96 $=z1l,nft
~ g do 96 k=1lynft
A‘q iti=1ax(i)esandec(k)
1f(itlenedax(i)) go to 96
write(69340) Ccfatiom)em=1oenidek
96 continue
T n=1
- node(1l)=]
:ﬂ go to 200
) novw the result of all inputs for every node J 1s avaitable
in atisnvt2+j) and the corresponding no of ambiguity sets
is 1n mset(j)e cutput mset(j), verform fntersections of
gsets belongina to diffarent nodes Iin a descending order of
the no of ambig sets
100 writet(69105) (mset(§)si=1lonvt)
105 format(/2xs'combined input sets?/2x+20173)
Lmax=mset(l)
do 110 1=1l,ynvt
110 (maxz=max0(lmaxymset(1))
tmaxl=tmax
Lf=Lmaxl
¢ move the ¢.-  -:vponding sets to temporary storage and
¢ the node
do 130 1=isnvt
ff(mset(1).eqelmaxl) go to 135
130 continue
135 node(l)=4
mset(4)=0
n=1
nn=1
i i1=4%
N do 136 1=1silmax}
_ 136 ftemp(i)zalistlenvt2)
¢ Lload 1cod(ese) with the combined input indeces of the first node
j2=nix(il1-1)
. do 138 i=1ylmaxl
= do 138 m=1,4n1d
ﬁi 138 fcod(iom)=cid(isme3i2)
r-

o000 0n

¢ find the next max and do the same
139 Lmax=mset(l)
do 140 i=1lenvt
e 140 LImax=max0(lmaxemset(1))
Lmax2=imax
1f(nneeaenvt) go to 190
1f(lmax2e.eqe0) stoop
do 150 4=1l.nvt
Yfimset(§)eeqelmax2) go to 145
150 continue
145 mset(i)=0
nn=nne}
n=ne+l
12=1
node{n) =1
=1
J2zni*(42-1)
jnznie(n-1)
do 163 i=1ylmaxl
1fL=0
do 160 k=1ylmax2
faxtil)={4temp(V)esandeatkei2envt2)

.'.w" Ui
A
v -

12

..............
..........
- - -




1f(1ax(l)ecqel) go to 160 -7 -
JlsLf=Le+2
nl=n-1
i1f(iflones0) go to 154
do 153 m=1sn4
153 1cod(lemejndz=cid(keme}2)
ifl=1
go to 157
154 do 155 Li=1,]1
do 155 mizlein
198 dcod(lf-Li+2ymi)=dcod(Lf=Lislymi)
do 156 m=1lyni
15¢ fcod(lemeind)=cidikeme]2)

Lf=lfel

157 4$f(l.eqenft) go to 190
L=l+]

160 continue
t=t-1

write(eslol) L
161 format(2xs?'Ll=*415)
tf(leneemax0(lmaxletlmax2)) go to 170
¢ 1f current node {s recundant ignore it and consider a new node
n=n-1
go to 139
¢ check 1f all nodes have been scanned
170 1f(nne.eqenvt) go to 190
¢ 1f yes yo to find the fault codes otheruwise move the sets
¢ to temporary storage and continue
tmaxl=L
00 180 1=1yilmaxl
180 4temp(i)=1ax(4{)
go to 139
c write combined input fault table
190 write(s,y191)
191 format(2xy'combined inputs?)
write(64189)
189 format(lxytecccmcnccaccaaat)
do 192 {=ln
m=node({?}
192 mset(i)=ivt(m)
write(649193) ((mset(i)onmenm=1eni)yi=1yn)
193 format(axe30C vt e124%9%411))
nn=n+*n{
¢ nn 1s the total no of entries in a row
de 195 1=140
do 182 j=1lsnft
"tl-‘-‘dl(‘)oando(:(j)
1f(itleecefax(4)) go to 181
1f(itleeqe0) go to 182
go to 183
181 write(69360) (fcodliem)em=1enn)e]
go to 195
182 continue
¢ find unisolated faults
183 m=0
do 185 j=1l.nft
f1f(float(fax(i1))/2.0eeqefloat(iax(i)/2)) go to 184
m=me]
alimy100)=]
184 4dax(i)=1ax(i)/2
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}..i 185 continue

o write(64340) (fcoal(isj)ef=1enn)y(a(ke100)9k=14m) -75 -
195 continue

¢ proceed to find the fault codes based on the selected set

¢ of nodes in node(j)s the number of nodes = ne. the no of

E ¢ ambig sets 1s already in nsettniyj).

- ¢ the procedure is reneated for all {inputss

g’ 200 write(64201)

- 201 format(/20xye?separate input codes?)

L. do 300 niiz=1lynd
0N nvtlznvt+(nii=1)
m=node (1)

L nlznset{nitem)
. Lf=nl

write(6+213) nvtl
213 format(2xs?'nvtl=*yid)
write(649214) ivt(m)ynl
214 format(2xy'vt'e134? no of sets?yi3)
¢ Load 1cod with the indeces of the first node
¢ and move amb sets to temporary storage
do 215 {=14nl
215 {cod(i,1)=1
do 220 i=1ynl
220 {temp(i)=a(iymenvtl)
if(nene«l) go to 225
¢ 1f one node 1s enough go to fdentify faults directlys
do 222 $=14nl
222 H{ax(i)=ditemp(i)
go to 270
¢ start inersection
225 do 260 nn=24n
=1
m=node{(nn)
n2z=nset(niiym)
write(6£,214) {vt(m)en2
do 250 j=1snl
¢ set flag to detect first intersection
ifL=0
do 250 k=1l¢n2
fax(l)=4temp(i)eandealkomenvtl)
ff(iax(l)eeqe0) go to 250
¢ update indeces for stack pushing
Jiz=Lf=L+2
nniz=nn=1
¢ skip pushing after the first iIntersection only
i1f(iflene.0) go to 244
fcod(Llynn) =k
ifi=1
go to 247
244 do 245 L1=1,31
do 245 miz=1¢nnl
245 fcod(Llf=Li*2ymi)=dcod(Lf=-Lislymd)
fcod(Lenn)=k
Lf=lfel
247 L=1le+}
2%0 continue
¢ adjust resulting no of amb sets
L=l-1
wrf.e(6e151)
do 251 1=1.1
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2591 write(64340) (icod(iy§)ef=1l9nn)
¢ move result of intersection to the temporary storage and
¢ continue to consider next node
do 255 1=1,l
255 {temp(i)=fax(4{)
nl=L
Lf=n1
260 continue
¢ now Yax(e) contains all sets representing isolated faults
¢ and Ycod contains corresponding fault codese. pProceed to
¢ Ydentify the isolateg faults and print out the 1cod matrix
Wwrite(6¢370) nid
write(649380)
¢ write the actual node numbers
do 275 i=1lyn
m=node (1)
275 mset(i)={ivt(m)
270 wuwrite(s5y320)
write(64330) (mset(1)oi=19n)
¢ match sets against binary representation of the faults
do 295 1=1,1
do 282 j=1le.nft
ftl=faxti)eandec( )
1f(itleeqetax(i)) qgo to 281
1f(itleece0) go to 282
¢ If they do not match or anding not equal to zero then there
¢ must be a set of unisolated faults
go to 283
281 write(64340) (icod(iym)em=19yn)y]
go to 295
282 continue
¢ find unisolated faults
283 m=0
do 2BS j=14nft
ffcfloat(iax(i))/2.0eeqefloat(iax(i)/2)) go to 284
m=mel
al(my100)=]
¢ shift pinary code once to the right
284 fax(i)=%ax(i)s2
285 continue
write(6+340) (Ycod(ieflei=lon)elalksyl00)ok=1¢m)
295 continue
¢ continue to consider next input
300 continue
320 format(//2xe*fault code')
330 format(/2x+20C'vt?y§291x)9*fault?)
346G format(4xy20(i392x))
370 format(//2xe*input?,i1)
380 format(/2xyteccccaaat)
return
end
#eor
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